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ABSTRACT
A mathemat ica l  model was developed to compute the 
d a l l y  d i scha rge s  a t  V icksbu rg  and a t  New O r leans ,  based on 
the d a l l y  d i scha rges  o f  the M i s s i s s i p p i ' s  main t r i b u t a r i e s  
and d a l l y  s tages a t  Acme on the Red R i v e r .
The procedure p r e d i c t s  the  d i scha rges  a t  V icksbu rg  
f o r  s i x  days 1n advance,  based on the d a l l y  d i scha rge s  a t  
severa l  s t a t i o n s  on the M i s s i s s i p p i  R i ve r  and on the d i s ­
charges o f  the M i s s i s s i p p i ' s  main t r i b u t a r i e s .
The model was developed and t e s te d  us ing  the  d a l l y  
record  o f  1939, 1945, 1959, 1965, 1966 and 1967. More than 
80 p e rcen t  o f  the es t im a ted  d i sch a rg e s  were w i t h i n  11 p e r ­
cen t  o f  the pu b l i sh ed  d i sc ha rges  f o r  a l l  the years  used.
Another  mathemat ica l  model was prepared to  p r e d i c t  
the  movement o f  the s a l t - w a t e r  wedge f rom the  G u l f  to  New 
O r leans .  Th is  model can be used 1n c o n j u n c t i o n  w i t h  the 
d i s c h a rg e  model to  g i v e  e a r l y  warning to  the  New Or leans 
area as to the  date t h a t  the  s a l t  c o n t e n t  o f  the  wa te r  w i l l  
r i s e .  Examples o f  p r e d i c t i o n  o f  pe r io ds  o f  h igh  s a l t  con­
c e n t r a t i o n  a t  New Or leans are i n c l u d e d .
The 40 years  (1928-1967)  o f  pu b l i shed  d i s c h a rg e  
reco rds  a t  Red R i ve r  Landing and a t  T a r b e r t  Landing were 
used t o  e s t im a te  the d i scha rge s  a t  New Or lea ns ,  super impos­
ing the  e f f e c t s  o f  p o s s i b l e  d i v e r s i o n s  o f  wa te r  to Texas
x
upon the d i s c h a r g e s .  The e f f e c t s  o f  such d i v e r s i o n  on the 
s a l t  c o n c e n t r a t i o n  a t  New Or leans were then determined as 
1f  the  d i v e r s i o n  had been o p e r a t i n g  t h ro u g h o u t  the p e r io d  





The M i s s i s s i p p i  R i v e r ,  the lo n g e s t  In the Un i ted  
S t a t e s ,  has been t r an s fo rm ed  by man. The main course o f  
the r i v e r  was sho r tened  a p p r o x im a te l y  152 m i l es  by the con­
s t r u c t i o n  o f  s i x t e e n  c u t - o f f s  between the years 1933 and 
1942; the d i scha rge s  f rom I t s  main t r i b u t a r i e s  (Upper M is­
s i s s i p p i ,  M i s s o u r i ,  Oh io ,  Wh i t e ,  and Arkansas r i v e r s ;  see 
F1g. 1 .1 )  have been m o d i f i e d  by p r o j e c t s  c o n s t r u c t e d  1n 
these r i v e r s  f o r  the s t o ra g e  and c o n t r o l  o f  w a te r .  The 
d i scha rge s  and stages no l o n g e r  depend s o l e l y  on the r a i n ­
f a l l ,  ge o lo g y ,  t e m p e r a tu r e ,  and h y d r o l o g i c  c h a r a c t e r i s t i c s  
o f  the t r i b u t a r y  a r e a s ,  and h y d r a u l i c  c o n d i t i o n s  o f  the 
r i v e r ,  bu t  1n p a r t  on wa te r  u t i l i z a t i o n  i n  the d ra inag e  
areas o f  these t r i b u t a r i e s .  These a l t e r a t i o n s  have f o r ce d  
the r i v e r  to  a d j u s t  t o  new and unprecedented s i t u a t i o n s .  
Dur ing  t h i s  re a d ju s tm e n t  p e r i o d  the p h y s i c a l  and h y d r a u l i c  
c h a r a c t e r i s t i c s  o f  the r i v e r  c h a n g e - - f o r  example,  the r i v e r  
bed e l e v a t i o n ,  the s t a g e - d l s c h a r g e  and s lo p e -a re a -d 1 s c h a rg e  
r e l a t i o n s h i p s .  The p r o j e c t s  c o n s t r u c t e d  1n the M i s s i s s i p p i  
R i ve r  have no t  y e t  f u l l y  m an i f es te d  t h e i r  e f f e c t s  (and 
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Figure 1.1 M i s s i s s i p p i  R i v e r
3underway) .  And, a l th ough  a t t emp ts  are now be ing made to  
e v a lu a t e  and super impose the Impact  o f  d ra inage  improve­
ments on the n a t u r a l  r a i n f a l 1- r u n o f f  r e l a t i o n s h i p  in  smal l  
watersheds ( T e r s t r l e p  and S t a l l ,  1969; DaCosta,  1970) ,  the 
s i z e  o f  the d ra inag e  area o f  the M i s s i s s i p p i  R i ve r  and the 
d ra inag e  area o f  I t s  t r i b u t a r i e s  have p r ec luded  any a t t em p t  
to  r e l a t e  the r a i n f a l l  In the watershed o f  the M i s s i s s i p p i  
w i t h  the f l o w  1n the r i v e r .
In 1963 the c o n d i t i o n s  o f  the Lower M i s s i s s i p p i  
R i v e r  were a l t e r e d  when the Old R i ve r  Co n t ro l  S t r u c t u r e  was 
pu t  I n t o  o p e r a t i o n  and the lower  Old R i ve r  was c losed  
( F i g .  1 . 1 ) .  The c o n t r o l  s t r u c t u r e  d i v e r t s  a p p r o x im a te l y
t w e n t y - f i v e  p e rc en t  o f  the  M i s s i s s i p p i ' s  f l o w  I n t o  the 
A t c h a f a l a y a ,  the exac t  percen tage depending upon the stages 
o f  the M i s s i s s i p p i  and the Red R i v e r .
Th is  c o n t r o l  s t r u c t u r e  has i n t r o d u c e d  a d i s c o n t i ­
n u i t y  1n the h i s t o r i c  r e l a t i o n s h i p  between the d i sc ha rges  
measured upst ream and downstream o f  the s t r u c t u r e .  Thus,  
even 1 f  I t  were p o s s i b l e  t o  p r e d i c t  the d i sch a rg e  a t  any 
s t a t i o n  upst ream o f  the s t r u c t u r e - - f o r  example,  V i c k s b u r g - -  
the computa t ion  o f  the c o r re spo nd in g  f lo w s  a t  New Or leans 
would no t  be based on a we a l t h  o f  p re v io us  o b s e r v a t i o n s  and 
measurements,  as would be the case had the s t r u c t u r e  no t
been b u i l t .  The w a te r  supp ly  managers o f  New O r le a n s ,  1n
p a r t i c u l a r ,  need t o  be ab le  to  p r e d i c t  the d i scha rge  1n the
M i s s i s s i p p i  R i v e r ,  s in c e  a t  low f lo w s  the s a l t  c o n c e n t r a ­
t i o n  In the r i v e r  r i s e s  d r a m a t i c a l l y  and d e l e t e r l o u s l y , and
4the  people  o f  New Or leans d r i n k  the  w a t e r .
D e s p i t e  the o c c a s io n a l  r i s e  1n s a l t  c o n t e n t ,  the 
M i s s i s s i p p i  R i v e r  1s a t remendous source  o f  f r e s h  w a te r :  
i t  s u p p l i e s  d r i n k i n g  w a t e r ,  w a te r  f o r  d i l u t i o n  o f  wa s tes ,  
w a te r  f o r  i n d u s t r i a l  uses,  and i t  d i l u t e s  the sea w a te r  to  
the  l o w e r  l e v e l s  o f  s a l i n i t y  needed by the ec o logy  o f  an 
e s t u a r y .  There are  a number o f  p o t e n t i a l  uses f o r  a p r o ­
cedure t o  p r e d i c t  the d a i l y  d i s c h a rge s  i n  the M i s s i s s i p p i  
R i v e r  as a f u n c t i o n  o f  the d i s c h a rg e s  o f  the M i s s i s s i p p i ' s  
main t r i b u t a r i e s .
S ince  the p u b l i c a t i o n  o f  the Texas Water P la n ,  and 
t he  1968 s t a te m e n t  o f  the Texas Water  Development Board 
(The Texas Water P la n ,  November 1968,  p.  1 -8 )  t h a t  the im­
p o r t a t i o n  o f  12 o r  13 m i l l i o n  a c r e - f e e t  o f  w a te r  per  y e a r ,  
t e n t a t i v e l y  f rom the  M i s s i s s i p p i  R i v e r ,  w i l l  be necessary  
t o  s a t i s f y  the p r o j e c t e d  w a te r  needs o f  Texas by the  y e a r  
2020 (November 1968,  p.  1 - 9 ) ,  the need to  p repa re  a d i s ­
charge model o f  the  M i s s i s s i p p i  R i v e r  has been e v i d e n t .
Purposes
The purposes o f  the research  r e p o r t e d  1n t h i s  d i s s e r ­
t a t i o n  were:
1. To deve lop  a mathema t ica l  model o f  the M i s s i s ­
s i p p i  R i v e r  which would enab le  the user  to  e s t i m a t e  the 
d a l l y  d i s c h a rg e s  a t  V i c k s b u r g ,  t h r e e  days 1n advance,  and
5a t  New O r le a n s ,  based on the d a l l y  d i scha rges  o f  the M is ­
s i s s i p p i ' s  main t r i b u t a r i e s  ( t h e  Upper M i s s i s s i p p i ,  M is ­
s o u r i ,  Ohio ,  W h i t e ,  and Arkansas r i v e r s ) ,  and the d a i l y  
stages a t  Acme on the Red R i v e r ,  i . e . ,  whenever the d a i l y  
d i sch a rges  i n  the  M i s s i s s i p p i ' s  main t r i b u t a r i e s  and the 
d a i l y  s tages a t  Acme can be p r e d i c t e d ,  the f u t u r e  d a i l y  
d i sc ha rges  a t  V ic ksb u rg  and a t  New Or leans cou ld  be e s t i ­
mated w i t h  t h i s  model .
2. To show the f o l l o w i n g  two a p p l i c a t i o n s  o f  the
mode l :
a. P r e d i c t i o n  o f  whe ther  the s a l t  wa te r  f rom the G u l f  
o f  Mexico w i l l  reach New Or leans
b. E v a l u a t i o n  o f  the  e f f e c t s  o f  a p o s s i b l e  d i v e r s i o n  o f  
w a te r  to Texas:
1) How the model ,  w i t h  the d i v e r s i o n  super imposed,  
can be used to  p r e d i c t  the impac t  o f  the wa te r  
d i v e r s i o n  on the h i s t o r i c a l  records  o f  f l o w  a t  
New Or leans and o f  s a l t  c o n te n t  a t  P o r t  Su lphur  
and New O r l e a n s .
2) D e te r m in a t i o n  o f  a p o s s i b l e  minimum r a t e  o f  d i ­
v e r s i o n ,  th rough  the use o f  the 40 years  o f  d a l l y  
d i s c h a rg e  (1928-1967)  a t  Red R i ve r  Landing and a t  
T a r b e r t  Land ing to  e s t im a te  the d a i l y  d i scha rges  
a t  New Or leans w i t h  the d i v e r s i o n  super imposed.  
Th is  would be accompl ished by " r e p l a y i n g "  the 
whole p e r i o d  o f  r e co rd  on the assumpt ion t h a t  the
6d i v e r s i o n  had been f u n c t i o n i n g  under the f o l l o w ­
ing  c o n s t r a i n t s :  1) the wa te r  d i v e r s i o n  must no t
Inc re as e  the number o f  days o f  h igh s a l t  concen­
t r a t i o n  a t  New O r l e a n s ,  and 1 i )  the Texas Water 
Plan would possess a f i x e d  volume o f  r e s e r v o i r  
c a p a c l t y .
Other  c o n s t r a i n t s ,  such as a maximum d i s s o l v e d  
s o l i d s  c o n c e n t r a t i o n  In  the M i s s i s s i p p i  and 1n 
the d i v e r t e d  w a t e r ,  some undetermined minimum 
f l o w  through  the Old R i v e r  C o n t ro l  S t r u c t u r e  or  a 
maximum c o n c e n t r a t i o n  o f  suspended sed iment ,  were 
no t  cons idered  1n t h i s  s t u d y .
Sources o f  Data
The d i s c h a r g e s ,  v e l o c i t i e s ,  and stages used 1n t h i s  
s tudy  were o b ta in e d  f rom p u b l i c a t i o n s  o f  the U.S. Corps o f  
Engineers and the U.S. G eo log ic a l  Survey.  Records o f  the 
d a l l y  c h l o r i d e  c o n t e n t  a t  A l g i e r s  and a t  C a r r o l l t o n ,  New Or­
l e a n s ,  were ob ta i n e d  f rom C. J .  P o w e l l ,  A s s i s t a n t  General  
S u p e r i n t e n d e n t  o f  the Sewerage and Water Board o f  New Or­
le an s .  The d a l l y  r e co rd s  o f  c h l o r i d e  c o n t e n t  o f  the  J e f ­
f e r s o n  Pa r i sh  Water Department  were made a v a i l a b l e  by P. J.  
Russo.
The ana lyses  o f  the  c h l o r i d e  c o n te n t  o f  the wa te r  a t  
P o r t  Su lphur  were made by the F r e e p o r t  Su lphur  Company and 
p ro v id e d  by the c o u r t e s y  o f  the L o u i s i a n a  Department o f
7H e a l th  and the o f f i c e  o f  the  U.S. Corps o f  Engineers  a t  
New O r le ans .
Contours  o f  s a l i n i t y  c o n t e n t  o f  the M i s s i s s i p p i  
R i v e r  f rom New Or leans  to  the Passes and the p r o g r e s s i o n  
and r e c e s s io n  o f  the s a l t  w a te r  i n t e r f a c e  were o b ta i n e d  
f rom the o f f i c e  o f  the U.S. Corps o f  Engineers  a t  New Or ­
leans  .
A t a b l e  o f  " I r r i g a t i o n  Water Requi rements f o r  
T w e n t y - E i g h t  Coun t ies  o f  the Southern High P l a i n s "  
( a c - f t / a c  and p e r c e n t  o f  an nu a l )  was p ro v id e d  by C. R. 
B a s k i n ,  C h i e f  En g inee r  o f  the  Texas Water  Development  
B o a r d .
CHAPTER I I
THE DISCHARGE MODEL 
I n t r o d u c t i o n
The d e t e r m i n a t i o n  o f  the f l o w  a t  V i cks burg  as a 
f u n c t i o n  o f  the d i sc ha rges  o f  the M i s s i s s i p p i ' s  main t r i b u ­
t a r i e s  I n v o l v e s  s o l v i n g  the eq ua t ion s  govern ing  unsteady 
and non-un1form f l o w .  The bas ic  eq ua t io ns  to s o l ve  t h i s  
t ype o f  p r o b l e m - - t h e  eq ua t io n s  o f  the c o n s e r v a t i o n  o f  
energy and the  c o n s e r v a t i o n  o f  mass- -are  ex t r e m e ly  complex 
t o  s o l v e  f o r  any n a t u r a l  r i v e r ,  no m a t t e r  how s m a l l .
To s o l ve  t h i s  type o f  problem a number o f  s i m p l i f i e d  
methods o f  f l o w  r o u t i n g  have been deve loped .  The most com­
monly used o f  these methods are based on the s o l u t i o n  o f  
the e q u a t io n  o f  the c o n s e r v a t i o n  o f  mass:
I l   ^ Ip Oi + 0*
(   -------- — ) At  - (  1--------— ) At  = AS ( 2 . 1 )
2 2
1n r e l a t i v e l y  s h o r t  reaches o f  the r i v e r  w i t h  a smal l  
I n t e r v a l  o f  t i m e ,  where
I<l I s  the I n f l o w  to  the  reach a t  the b e g in n in g  t ime 
I n t e r v a l  At
Ig 1s the I n f l o w  t o  the  reach a t  the end o f  the t ime 
I n t e r v a l  At
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9Oj 1s the o u t f l o w  f rom the reach a t  the be g in n in g  o f  
the t ime I n t e r v a l  At  
0 2 1s the o u t f l o w  f rom the reach a t  the end o f  the t ime 
I n t e r v a l  At
AS i s  the change 1n channel  s to ra ge  1n the reach d u r i n g  
the i n t e r v a l  o f  t ime A t .
To app l y  t h i s  method 1 t  i s  necessary to c o n s t r u c t  a r e l a ­
t i o n s h i p  between the reach s to ra ge  and the o u t f l o w  o f  the 
reach .  This  can be accompl i shed 1n two ways ( L a w l e r ,  E . A . ,  
1964, pp. 25-35 ; Chow, V. T. , 1959, p. 605) :  1 ) f rom t o p o ­
g ra p h ic  maps ( i m p r a c t i c a l  w i t h  the M i s s i s s i p p i  R i ve r  because 
o f  the l e n g t h ,  s i z e ,  the  many i r r e g u l a r i t i e s  o f  the st ream 
channel  and the  man- induced changes 1n the p h y s i c a l  and 
h y d r a u l i c  c h a r a c t e r i s t i c s  o f  the M i s s i s s i p p i  d u r i n g  the 
p e r i o d  o f  s tu d y )  and 2) f rom the observed d i scha rge  a t  the 
be g inn in g  and end o f  every  rea ch ,  s o l v i n g  the same eq ua t io n  
f o r  AS (a procedure  no t  s u cce ss fu l  w i t h  the M i s s i s s i p p i  
R i v e r ,  m a in l y  because reaches o f  s u f f i c i e n t l y  s h o r t  l e n g th  
were no t  a v a i l a b l e ) .  T h e r e f o r e ,  the r o u t i n g  procedure used 
1n t h i s  s tudy  was based on the general  s i m p l i f i e d  p r i n c i p l e :  
"The d i s c h a rg e  a t  any s t a t i o n  In the M i s s i s s i p p i  R i ve r  w i l l  
proceed downstream, w i l l  combine w i t h  any t r i b u t a r y  d i s ­
charge and a f t e r  a c e r t a i n  t ime w i l l  g i ve  a r e p r e s e n t a t i o n  
o f  the d i s c h a rg e  a t  a downstream s t a t i o n . "  The p e r io d  o f  
t ime  1s t o  be computed f rom the average o f  the observed 
v e l o c i t i e s  o f  the r i v e r  and the t r a v e l  d i s t a n c e .
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Development o f  the Model
To f a c i l i t a t e  the work the d i scha rge  model o f  the 
M i s s i s s i p p i  R i v e r  was developed 1n two p a r t s :  1) upstream
from V icksbu rg  and 2) f rom V icksbu rg  to  New Or leans (see 
F ig .  1 . 1 ) .
Upstream f rom V icksbu rg
The purpose o f  t h i s  p a r t  o f  the model was to  e s t i ­
mate the  d a i l y  d i s ch a rg e  a t  V icks burg  as a f u n c t i o n  o f  the 
d a l l y  d i sch a rg e  o f  the  M i s s i s s i p p i ' s  main t r i b u t a r i e s  
(Upper M i s s i s s i p p i ,  M i s s o u r i ,  Oh io ,  Wh i te ,  and Arkansas 
r i v e r s ) .  To do t h i s  the gaging s t a t i o n s  w i t h  the lo n g e s t  
and most co n t i nu ou s  p u b l i s h e d  d a l l y  d i scha rge  reco rd  (and 
c l o s e s t  to  the mouth o f  the t r i b u t a r y )  were s e l e c t e d .  The 
s t a t i o n s  I n c l u d e  A l t o n  on the Upper M i s s i s s i p p i ,  Hermann on 
the M i s s o u r i ,  M e t r o p o l i s  on the Ohio,  Clarendon on the 
W h i te ,  and L i t t l e  Rock on the Arkansas R iv er  (see F1g. 1 .1 )
The d a l l y  d i s ch a rg e  a t  V icksbu rg  was r e l a t e d  to the 
d a l l y  d i scha rge  a t  these s t a t i o n s  through the e q u a t i o n :
EVI i, 3 AL*-11 + HE* -10  + MEJt-7 + CLt - 4  + LR£-4
where EVI£ the es t im a te d  d i scha rg e  a t  V icksb urg  on
day l
AL n  1s the d i sch a rg e  a t  A l t o n ,  on day t -11 
( I . e . ,  e leven  days b e fo re )
HEt - 1 0  * s t f ie d i scha rg e  a t  Hermann, on day fc-10
ME^y I s the d i sch a rg e  a t  M e t r o p o l i s ,  on day t - 7
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I s the  d i scha rge  a t  C la rendon ,  on day £-4
LRa_4 1s the d i s c h a rg e  a t  L i t t l e  Rock, on day £ -4 .
From V icks burg  t o  New Or leans
The purpose o f  t h i s  p a r t  o f  the model was to  e s t i ­
mate the d a l l y  d i sc ha rges  a t  New Or leans as a f u n c t i o n  o f  
the d a l l y  d i s c h a rg e  a t  V icksb urg  and the d a l l y  s tages a t  
Acme a t  the  j u n c t i o n  o f  the Red and B lack  r i v e r s .  This  
e s t im a t e  was accompl ished 1n s i x  s t e p s :
Step One. - -Th e  d a l l y  d i s c h a rge  a t  Natchez was e s t i ­
mated as a f u n c t i o n  o f  the d a l l y  d i s c h a rg e  a t  V icksburg 
w i t h  the  eq ua t io n
ENA, , ,  -  n t ( 2 . 3 )
where E N A ^ j  1s the e s t im a te d  d a l l y  d i s ch a rg e  a t  Natchez on 
day £+1 and VI^ 1s the d a l l y  d i s c h a rge  a t  V icksbu rg  on 
day £.
Step Two. - -Th e  d a l l y  s tage a t  Natchez was es t im a ted  
f rom the co r re spo nd in g  e s t im a te d  d a i l y  d i scha rge  a t  Natchez 
th rough  a second degree e q u a t i o n :
ESN£+1 -  Cl + C2 x ENA£+1 + C3 x ( E N A ^ ) 2 ( 2 . 4 )
where E S N ^  1s the e s t im a te d  d a l l y  s tage a t  Natchez on 
day t + 1 ,  ENA&+1 1s the e s t im a te d  d a l l y  d i sc ha rg e  a t  Natchez 
on day £+1 and C l ,  C2, and C3 are the c o e f f i c i e n t s  o f  the 
second degree e q u a t i o n .
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Step T h r e e .■■The d a l l y  s tages  a t  the i n f l o w  and o u t ­
f l o w  channel  o f  t he  Old R i v e r  C o n t r o l  S t r u c t u r e  were e s t i ­
mated as f o l l o w s :  the  I n f l o w  s tages f rom the  e s t im a te d
d a i l y  s tages  a t  Natchez by the e q u a t i o n
ESI1+, = ESN1+, -  CHl1+) ( 2 . 5 )
where E S I ^ j  i s  t he  e s t im a t e d  d a i l y  i n f l o w  s tage on day £+1
and CH1&+1 i s  the average d i f f e r e n c e  i n  the r i v e r  e l e v a t i o n  
between Natchez and a t  the gaging s t a t i o n  on the I n f l o w  
channel  o f  the  Old R i v e r  C o n t ro l  S t r u c t u r e  on day t+1 .
The d a i l y  o u t f l o w  s tages were e s t im a t e d  f rom the 
d a i l y  s tages  a t  Acme th rough  the e q u a t i o n
ESOt + l  "  SA*+1 " CH2t + l  ( 2 . 6 )
where ESOa+j 1s the  e s t im a t e d  o u t f l o w  s tage on day fc+1 ,
SAi + l  the  s t a 9e a t  Acme on day fc+1 , and CH2^+1 i s  the
average d i f f e r e n c e  o f  the  s u r f a c e  o f  the  Red and Black 
r i v e r s  a t  Acme and a t  the  gaging s t a t i o n  on the  o u t f l o w  
channel  o f  the  Old R i v e r  C o n t ro l  S t r u c t u r e  on day t + 1 .
Step F o u r . - - T h e  d i s c h a r g e  th rough  the  Old R i v e r  Con­
t r o l  S t r u c t u r e  was e s t i m a t e d  as a l i n e a r  f u n c t i o n  o f  the 
e s t i m a t e d  I n f l o w  and o u t f l o w  s tag es .
Step F i v e . - - T h e  d a i l y  d i s c h a r g e  a t  T a r b e r t  Landing 
was e s t im a t e d  as the d i f f e r e n c e  between the  d a i l y  d i s c h a r g e  
a t  Natchez and the  d a l l y  d i s c h a r g e  t h rough  the c o n t r o l  
s t r u c t u r e
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ETA£+ 1 -  ENAU 1  “ EST£+ 1 ( 2 . 7 )
where ETA^+ j 1s the  e s t i m a t e d  d i s c h a r g e  a t  T a r b e r t  Landing 
on day £+1 , E S T ^  Is  the e s t im a t e d  d i s c h a r g e  th rough  the 
the  Old R i v e r  C o n t r o l  S t r u c t u r e  on day £+1.
Step S i x . - - T h e  d a i l y  d i s c h a rg e  a t  New Or leans  was 
e s t i m a t e d  f rom the  e s t im a t e d  d a i l y  d i s c h a rg e  a t  T a r b e r t  
Land i  ng
where EN0^+ j  i s  the  e s t im a t e d  d a i l y  d i s c h a r g e  a t  New Or leans 
on day £+3.
I n t r o d u c t i  on
The e q u a t i o n s  o f  the model are expressed as f u n c t i o n s  
o f  d a l l y  d i s c h a r g e s .  A f t e r  a t r i a l  and e r r o r  process i t  was 
found t h a t  the e s t i m a t e s  o f  d a i l y  d i s c h a rg e s  made w i t h  these 
e q u a t i o n s  were improved by us ing  a " r e p r e s e n t a t i v e  d i s c h a r g e "  
f o r  a g i ve n  day i n s t e a d  o f  the c o r r e s po n d in g  observed d i s ­
charge on t h a t  day.  The " r e p r e s e n t a t i v e  d i s c h a r g e "  f o r  any 
g i v e n  day 1s a w e ig h ted  average o f  the observed d i s c h a r g e  on 
the  day b e f o r e ,  the  observed d i s c h a rg e  on t h a t  day ,  and the 
observed d i s c h a r g e  on the  nex t  day as shown:
( 2 . 8 )
T e s t i n g ,  Ad jus tmen t  and V e r i f i c a t i o n  
o f  the Model
( 2 . 9 )
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where RD^ was the " r e p r e s e n t a t i v e  d i s c h a r g e "  f o r  day fc,
Dfc-1 * a n d  D ji+ 1  were the  observecl  d i s c h a rg e s  on days z - 1 ,  
I and t+1 r e s p e c t i v e l y .  T h e re f o r e  " r e p r e s e n t a t i v e  d i s ­
cha rges"  were used I n s t e a d  o f  observed d i s c h a r g e s .
Upstream f rom V i c k s b u r g :  Tes t
The e q u a t i o n  ( 2 . 2 )  f o r  t h i s  p a r t  o f  the model ,
EVI *  ■ ALt - l l  + HEt - 1 0  + MEl - 7  + C L * - 4  + LRl - 4
was a p p l i e d  w i t h  the  r e p r e s e n t a t i v e  d a i l y  d i s c h a rg e s  a t  
A l t o n ,  Hermann, M e t r o p o l i s ,  C larendon and L i t t l e  Rock,  and 
e s t i m a t e s  were made o f  the  d a i l y  d i s c h a r g e  a t  V ic k s b u rg  f o r  
the f o l l o w i n g  y e a r s :  a) 1939 — i n  the p e r i o d  when the c u t ­
o f f s  i n  the  M i s s i s s i p p i  were be ing  c o n s t r u c t e d ,  1933-1942;
b) 19 4 5 - - s h o r t l y  a f t e r  the c u t - o f f s  were com p le ted ;
c) 1 9 5 9 - - b e f o r e  the Old R i v e r  C o n t r o l  S t r u c t u r e  was b u i l t ,  
and d) 1965,  1966 and 1 9 6 7 - - a f t e r  the c o n t r o l  s t r u c t u r e  
s t a r t e d  f u n c t i o n i n g .  For each y e a r  the e s t im a t e d  d a i l y  
d i s c h a r g e  a t  V ic k s b u rg  was compared w i t h  the observed d a i l y  
d i s c h a r g e  a t  V i c k s b u r g ,  t hq  r e l a t i v e  d i f f e r e n c e  between the 
e s t i m a t e d  and observed d i s c h a rg e s  be ing  computed and 
c a l l e d  r e l a t i v e  e r r o r  (RE).
R e l a t i v e  E r r o r  (RE) = Es*- -  ^ s - - 1 s --  (2 . 1 0 )
The f re q u e ncy  d i s t r i b u t i o n  o f  these  r e l a t i v e  e r r o r s  i s  
shown in  Tab les  2.1 th roug h  2 . 6 .  The c r i t e r i o n  used in
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TABLE 2.1
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ESTIMATED DISCHARGE AT VICKSBURG, 1939
than N a t i v e  *  Cun,. *
-0 .41 36 36 0.102 0.102
-0.41 -0 .3 9 14 50 0.040 0.142
-0 .3 9 -0 .3 7 12 62 0.034 0.176
-0 .3 7 - 0 .3 5 14 76 0.040 0.216
- 0 .3 5 -0 .3 3 19 95 0.054 0.270
-0 .3 3 -0.31 25 120 0.071 0.341
-0.31 - 0 . 2 9 20 140 0.057 0.398
-0 . 2 9 -0 .27 15 155 0.043 0.440
-0 .2 7 - 0 .2 5 12 167 0.034 0.474
- 0 .2 5 -0 .2 3 11 178 0.031 0.506
-0 .2 3 -0.21 22 200 0.063 0.568
-0.21 - 0 .1 9 20 220 0.057 0. 625
- 0 .1 9 -0 .1 7 20 240 0.057 0.682
-0 .1 7 - 0 .1 5 18 258 0.051 0.733
-0 .1 5 - 0 .1 3 16 274 0.045 0.778
-0 .1 3 -0.11 9 283 0.026 0.804
-0.11 -0 . 0 9 6 289 0.017 0.821
- 0 .0 9 -0 .0 7 9 298 0.026 0.847
-0 .07 - 0 .0 5 12 310 0.034 0.881
- 0 .0 5 -0 .0 3 7 317 0.020 0.901
-0 .03 -0.01 7 324 0.020 0.920
-0.01 0.01 9 333 0.026 0.946
0.01 0.03 4 337 0.011 0.957
0.03 0 .05 6 343 0.017 0.974
0.05 0.07 5 348 0.014 0.989
0.07 0.09 2 350 0.006 0.994
0.09 0.11 2 352 0.006 1 .000
19.6% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.2
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ESTIMATED DISCHARGE AT VICKSBURG, 1945
o ^ e q u a l ‘ t o "  till  '  Cumula t i ve  *  Cum. *
-0.41 19 19 0.054 0.054
-0.41 -0 .3 9 12 31 0.034 0.088
-0 . 3 9 -0 .3 7 14 45 0.040 0.128
-0 .3 7 -0 .3 5 9 54 0.026 0.1 53
-0 . 3 5 -0 .3 3 10 64 0.028 0.182
-0 .3 3 -0.31 16 80 0.045 0.227
-0.31 -0 .29 13 93 0.037 0.264
- 0 . 2 9 -0 .2 7 24 117 0.068 0.332
- 0 . 2 7 -0 .2 5 10 127 0.028 0.361
-0 . 2 5 -0 .2 3 22 149 0.063 0.423
- 0 .2 3 -0.21 21 170 0.060 0.483
-0.21 -0 .1 9 25 195 0.071 0.554
- 0 . 1 9 - 0 .1 7 21 216 0.060 0.614
- 0 .1 7 -0 .1 5 7 223 0.020 0.634
- 0 . 1 5 - 0 .1 3 18 241 0.051 0.685
- 0 .1 3 -0.11 19 260 0.054 0.739
-0.11 - 0 .0 9 18 278 0.051 0.790
- 0 . 0 9 -0 .07 11 289 0.031 0.821
- 0 .0 7 - 0 .0 5 7 296 0.020 0.841
- 0 . 0 5 -0 .03 12 308 0.034 0.875
- 0 . 0 3 -0.01 11 319 0.031 0.906
-0.01 0.01 6 325 0.017 0.923
0.01 0.03 15 340 0.043 0.966
0.03 0.05 7 347 0.020 0.986
0.05 0.07 2 349 0.006 0.991
0.07 0.09 3 352 0.009 1.000
26.1% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11.
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TABLE 2.3
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ESTIMATED DISCHARGE AT VICKSBURG, 1959
o ^ u a l tht o n \V,l Number Cumula t i ve  i  ~
-0.41 5 5 0.014 0.014
-0.41 - 0 . 3 9 2 7 0.006 0.020
-0 . 3 9 -0 .3 7 2 9 0.006 0.026
-0 .3 7 - 0 .3 5 1 10 0.003 0.028
-0 . 3 5 -0 .3 3 2 12 0.006 0.034
-0 .3 3 -0.31 3 15 0.009 0.043
-0.31 -0 . 2 9 1 16 0.003 0.045
- 0 .2 9 -0 .2 7 1 17 0.003 0.048
-0 .2 7 -0 . 2 5 4 21 0.011 0.060
-0 . 2 5 -0 .2 3 1 22 0.003 0.063
- 0 .2 3 -0.21 4 26 0.011 0.074
-0.21 -0 . 1 9 10 36 0.028 0.102
-0 . 1 9 -0 .1 7 11 47 0.031 0.134
- 0 .1 7 - 0 . 1 5 14 61 0.040 0.173
-0 . 1 5 - 0 .1 3 26 87 0.074 0.247
- 0 .1 3 -0.11 38 125 0.108 0.355
-0.11 -0 . 0 9 37 162 0.105 0.460
-0 . 0 9 -0 .07 31 193 0.088 0.548
-0 .0 7 -0 . 0 5 45 238 0.128 0.676
-0 . 0 5 -0 .0 3 42 280 0.119 0.795
-0 .0 3 -0.01 30 310 0.085 0.881
-0.01 0.01 19 329 0.054 0.935
0.01 0.03 9 338 0.026 0.960
0.03 0.05 6 344 0.017 0.977
0.05 0.07 4 348 0.011 0.989
0.07 0.09 3 351 0.009 0.997
0 .09 0.11 1 352 0.003 1 .000
64.5% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.4
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ESTIMATED DISCHARGE AT VICKSBURG, 1965
o r ^ u a V S o "  than Cumula t i ve  *
-0.41 8 8 0.023 0.023
-0.41 - 0 .3 9 3 11 0.009 0.031
- 0 .3 9 -0 .3 7 2 13 0.006 0.037
-0 .37 - 0 .3 5 1 14 0.003 0.040
- 0 .3 5 -0 .3 3 3 17 0.009 0.048
-0 .3 3 -0.31 6 23 0.017 0.065
-0.31 - 0 .2 9 4 27 0.011 0.077
- 0 .2 9 -0 .2 7 2 29 0.006 0.082
-0 .2 7 - 0 .2 5 2 31 0.006 0.088
- 0 . 2 5 -0 .2 3 8 39 0.023 0.111
-0 .2 3 -0.21 11 50 0.031 0.142
-0.21 -0 . 1 9 10 60 0.028 0.170
- 0 .1 9 -0 .1 7 16 76 0.045 0.216
-0 .1 7 - 0 .1 5 15 91 0.043 0.259
- 0 .1 5 -0 .1 3 32 123 0.091 0.349
-0 .1 3 -0.11 34 157 0.097 0.446
-0.11 - 0 .0 9 43 200 0.122 0.568
-0 .0 9 -0 .0 7 31 231 0.088 0.656
-0 .0 7 - 0 .0 5 36 267 0.102 0.759
- 0 . 0 5 -0 .0 3 32 299 0.091 0.849
-0 .0 3 -0.01 24 323 0.068 0.918
-0.01 0.01 18 341 0.051 0.969
0.01 0.03 6 347 0.017 0.986
0.03 0.05 1 348 0.003 0.989
0.05 0.07 0 348 0.0 0.989
0.07 0.09 1 349 0.003 0.991
0.09 0.11 0 349 0 .0 0.991
0.11 0.13 1 350 0.003 0.994
0.13 0.15 1 351 0.003 0.997
0.15 0.17 0 351 0.0 0.997
0.17 0.19 1 352 0.003 1.000
54.5% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.5
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ESTIMATED DISCHARGE AT VICKSBURG, 1966
G re a te r  than 
o r  equal  to
Less
than Number Cumulat1ve % Cum. %
-0 .41 11 11 0.031 0.031
-0.41 -0 .3 9 1 12 0.003 0.034
-0 .3 9 -0 .3 7 1 13 0.003 0.037
-0 .3 7 - 0 .3 5 0 13 0 .0 0.037
-0 .3 5 -0 .3 3 5 18 0.014 0.051
-0 .3 3 -0.31 4 22 0.011 0.063
-0.31 -0 .2 9 4 26 0.011 0.074
- 0 .2 9 -0 .2 7 6 32 0.017 0.091
-0 .2 7 - 0 .2 5 9 41 0.026 0 . H 6
-0 . 2 5 -0 .2 3 11 52 0.031 0.148
-0 .2 3 -0.21 16 68 0.045 0.193
-0.21 - 0 .1 9 15 83 0.043 0.236
-0 .1 9 -0 .17 25 108 0.071 0.307
-0 .1 7 - 0 .1 5 31 139 0.088 0.395
-0 . 1 5 -0 .1 3 36 175 0.102 0.497
-0 .1 3 -0.11 45 220 0.128 0.625
-0.11 -0 . 0 9 38 258 0.108 0.733
-0 . 0 9 -0 .0 7 34 292 0.097 0.830
- 0 .0 7 - 0 .0 5 17 309 0.048 0.878
- 0 .0 5 - 0 .0 3 15 324 0.043 0.920
- 0 .0 3 -0.01 13 337 0.037 0.957
-0.01 0.01 7 344 0.020 0.977
0.01 0.03 3 347 0.009 0.986
0.03 0.05 1 348 0.003 0.989
0.05 0.07 1 349 0.003 0.991
0.07 0.09 2 351 0.006 0.997
0.09 0.11 1 352 0.003 1 .000
37.5% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11.
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TABLE 2.6
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ESTIMATED DISCHARGE AT VICKSBURG, 1967
o ^ e q u a / t o "  than N“ mber Cumula t i ve  % Cum. %
-0.41 2 2 0.006. 0.006
-0.41 - 0 .3 9 0 2 0.0 0.006
- 0 .3 9 -0 .3 7 1 3 0.003 0.009
-0 .37 - 0 .3 5 3 6 0.009 0.017
- 0 .3 5 -0 .3 3 2 8 0.006 0.023
-0 .3 3 -0.31 6 14 0.017 0.040
-0.31 - 0 .2 9 2 16 0.006 0.045
- 0 .2 9 -0 .2 7 3 19 0.009 0.054
- 0 .2 7 - 0 .2 5 5 24 0.014 0.068
- 0 .2 5 -0 .2 3 6 30 0.017 0.085
-0 .2 3 -0.21 12 42 0.034 0.119
-0.21 -0 . 1 9 14 56 0.040 0.159
- 0 .1 9 -0 ,1 7 22 78 0.063 0.222
-0 .1 7 -0 . 1 5 17 95 0.048 0.270
- 0 . 1 5 - 0 .1 3 34 129 0.097 0.366
- 0 .1 3 -0.11 39 168 0.111 0.477
-0.11 - 0 .0 9 35 203 0.099 0.577
- 0 .0 9 -0 .0 7 29 232 0.082 0.659
- 0 .0 7 - 0 .0 5 39 271 0.111 0.770
-0 .0 5 - 0 .0 3 28 299 0.080 0.849
-0 .0 3 -0.01 26 325 0.074 0.923
-0.01 0.01 16 341 0.045 0.969
0.01 0.03 5 346 0.014 0.983
0.03 0.05 4 350 0.011 0.994
0.05 0.07 0 350 0 .0 0.994
0.07 0.09 1 351 0.003 0.997
0.09 0.11 1 352 0.003 1.000
5 2 . 3% of  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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t h i s  s t udy  to  dec ide  the accuracy  o f  the es t im a te d  d i scha rg e  
was the percen tage  o f  the t o t a l  number o f  r e l a t i v e  e r r o r s  
t h a t  f e l l  between ±0.11 .  When t h i s  percen tage was g r e a t e r  
than o r  equal  to  80,  the e s t im a te d  d i scha rges  were c o n s i d ­
ered s a t i s f a c t o r y .  This  means t h a t  f o u r  t imes ou t  o f  f i v e  
the e s t im a te d  d i sch a rges  were w i t h i n  11 pe rcen t  o f  the ob­
served d i s c h a r g e s .
Tables 2.1 through 2.6 show t h a t  f o r  a l l  years 
t e s t e d ,  le ss  than 70 p e rcen t  o f  the r e l a t i v e  e r r o r s  in  the 
e s t im a te d  d i scha rges  were w i t h i n  ±0 .11 ,  and t h re e  o f  these 
years  (1939 ,  1945 and 1966) had less  than 40 pe rcen t  o f  the 
r e l a t i v e  e r r o r s  1n the e s t im a te d  d i scha rges  between ±0.11.  
A lso  i n  these t a b l e s  i t  can be seen t h a t  a l l  the  averages 
o f  the r e l a t i v e  e r r o r s  were n e g a t i v e :  l ower  d ischa rges
were e s t im a te d  than were a c t u a l l y  observed.
The f r eque nc y  d i s t r i b u t i o n  curves o f  the r e l a t i v e  
e r r o r s  in  the e s t im a te d  d i scha rge s  f o r  these years  are 
shown on F igu re  2.1 (dashed l i n e s ) ,  a l l  t hese curves be ing 
skewed to  the n e g a t i v e  s i d e .  These r e s u l t s  suggested t h a t  
some i n f l o w s  t o  the M i s s i s s i p p i  were l e f t  ou t  and t h a t  the 
o r i g i n a l  e q u a t i o n  needed a d ju s tm e n t .  A lso  to  be noted are 
the d i f f e r e n t  shapes o f  the curves ob ta in ed  w i t h  the 1939 
and 1945 data and the curves o b ta in e d  w i t h  1959, 1965, 1966 
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F igu re  2.1 Frequency d i s t r i b u t i o n  curves o f  r e l a t i v e  
e r r o r s  o f  e s t im a te d  d i sc ha rges  a t  V i c k s ­
b u rg ,  1939, 1945, 1959, 1965, 1966, and 
1967.
23
Upstream f rom V i c k s b u r g :
Ad jus tmen t  and V e r i f i c a t i o n
To o b t a i n  more i n s i g h t  about  the t ype o f  equa t ion  
be ing  used h e re ,  so as to be ab le to  a d j u s t  i t ,  the equa­
t i o n  was a p p l i e d  to s h o r t e r  reaches o f  the M i s s i s s i p p i .
For t h i s  purpose the M i s s i s s i p p i  R i ve r  was d i v i d e d  i n t o  as 
many reaches as p o s s i b l e  so long  as:  1) whenever p o s s i b l e
no more than one t r i b u t a r y  en te re d  any g iven  rea ch ;  2) each 
end o f  every  reach had a gaging s t a t i o n  w i t h  pub l i sh ed  
d a i l y  d i s ch a rg e  reco rds  t h a t  s t a r t e d  a t  l e a s t  as e a r l y  as 
1930 and were as con t inuou s  as p o s s i b l e ,  and d e f i n i t e l y  
con t i nu ou s  f o r  the years  used to  t e s t  the o r i g i n a l  e q u a t i o n ,  
and 3) any t r i b u t a r i e s  e n t e r i n g  any reach were no t  c lose  to 
the ends o f  the reach .
S ix  reaches were found t h a t  met these s p e c i f i c a t i o n s  
and these are shown 1n F igu re  2 . 2 :  Reach 0 n e - - f r o m  A l t o n
to C h e s te r ,  the M is s o u r i  R i ve r  j o i n i n g  the M i s s i s s i p p i ;
Reach Two- - f rom Ches te r  to  Hickman, the Ohio R i ve r  j o i n i n g  
the M i s s i s s i p p i ;  Reach T h r e e - - f r o m  Hickman to Memphis on 
the M i s s i s s i p p i ;  Reach F o u r - - f r o m  Memphis to  Helena on the 
M i s s i s s i p p i ;  Reach F1 ve - - f r om  Helena t o  Arkansas C i t y ,  the 
Whi te and Arkansas r i v e r s  j o i n i n g  the M i s s i s s i p p i  R i v e r ;  
and Reach S 1 x - - f r o m  Arkansas C i t y  to  V i ck sburg  on the 
M i s s i s s i p p i .
Using the p rocedure d e s c r ib e d  p r e v i o u s l y ,  the d a l l y  


























FIGURE 2.2 SCHEMATIC DIAGRAM
OF
THE MISSISSIPPI RIVER ABOVE VICKSBURG
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e s t i m a t e d  as f u n c t i o n s  o f  the  r e p r e s e n t a t i v e  d a i l y  d i s ­
charges a t  the  upst ream end o f  the  reach and as f u n c t i o n s  
o f  the  r e p r e s e n t a t i v e  d a i l y  d i s cha rge s  o f  any t r i b u t a r y  or  
t r i b u t a r i e s  t h a t  en te re d  the r e a c h ,  as shown below.
In  Reach One, the d a i l y  d i s c h a rg e s  a t  C h e s te r ,  ECHk ,
were e s t i m a t e d  as
ECHk -  A4 . 3  ♦ HEk _2 ( 2 . 1 1 )
where ECH|< 1s the  e s t im a te d  d i s c h a r g e  a t  Ches te r  on day k 
ALk 3  i s  the r e p r e s e n t a t i v e  d i s c h a r g e  a t  A l t o n  on 
day k-3
HE^ _ 2  the  r e p r e s e n t a t i v e  d i s c h a r g e  a t  Herman on 
day k - 2 .
In Reach Two, the  d a l l y  d i s c h a r g e s  a t  Hickman, EHIk , were 
e s t im a t e d  as a f u n c t i o n  o f  the r e p r e s e n t a t i v e  d a i l y  d i s ­
charges a t  Ches te r  and the r e p r e s e n t a t i v e  d a l l y  d i s c h a rg e s
/
a t  M e t r o p o l i s ,
EHIk » CHk_2 + MEj(_1 ( 2 . 1 2 )
where EHIk 1* the e s t im a t e d  d i s c h a r g e  a t  Hickman on day k 
CHk_2 1s the r e p r e s e n t a t i v e  d i s c h a r g e  a t  Ches te r  f o r  
day k-2
MEk_j  1s the r e p r e s e n t a t i v e  d i s c h a r g e  a t  M e t r o p o l i s  
on day k - 1 .
In Reach Th ree ,  the  d a l l y  d i s c h a r g e s  a t  Memphis were e s t i ­
mated as a f u n c t i o n  o f  the  r e p r e s e n t a t i v e  d a i l y  d i s c h a r g e
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a t  Hickman
EMPk -  H I k _, ( 2 . 1 3 )
where EMPk i s  the e s t im a t e d  d i s c h a r g e  a t  Memphis on day k 
H I k_i i s  t he  r e p r e s e n t a t i v e  d i s c h a r g e  a t  Hickman on
In Reach Fou r ,  the d a i l y  d i s c h a rg e s  a t  He lena,  EHEk , were 
e s t im a te d  as a f u n c t i o n  o f  the  r e p r e s e n t a t i v e  d i sch a rg e s  
a t  Memphis,  MPk ,
In Reach F i v e ,  the  d a i l y  d i s c h a r g e  a t  Arkansas C i t y  was 
e s t im a te d  as a f u n c t i o n  o f  the r e p r e s e n t a t i v e  d a i l y  
d i s c h a r g e  a t  He lena,  and the  r e p r e s e n t a t i v e  d a l l y  d i s c h a rg e s  
a t  C larendon and a t  L i t t l e  Rock,
where EAR^ Is  the  e s t im a t e d  d i s c h a r g e  a t  Arkansas C i t y  on
day k
HEk_i  I s  the r e p r e s e n t a t i v e  d i s c h a r g e  a t  Helena 
on day k-1
CL^^g the  r e p r e s e n t a t i v e  d i s c h a r g e  a t  Clarendon 
on day k -2
*"Rk-2  * s t *,e r e Preser , t a t 1  ve d i s c h a r g e  a t  L i t t l e  Rock 
on day k - 2 .
In Reach S i x ,  the  d a i l y  d i s c h a r g e s  a t  V ic ksb u rg  were e s t i -
day k - 1 .
(2 .1 3 )
E A R k - E H E k _i + C L k_2 + L R k . 2 ( 2 . 1 5 )
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mated as a f u n c t i o n  o f  the r e p r e s e n t a t i v e  d a l l y  d i scha rge s  
a t  Arkansas C i t y ,
EVIk ■ ARk-2  ( 2 . 1 6 )
where EVI^ 1s the  e s t im a t e d  d i s c h a r g e  a t  V ic ksb u rg  on day k 
and ARj( _ 2  i s  the  r e p r e s e n t a t i v e  d i s c h a r g e  a t  Arkansas C i t y  
on day k - 2 .
These e s t im a t e s  were made w i t h  the  r e p r e s e n t a t i v e  
d i s c h a r g e s  f o r  the  yea rs  1939, 1945, 1959, 1965, 1966 and 
1967. The e s t im a t e d  d a l l y  d i s c h a rg e s  were compared w i t h  
t he  observed d a l l y  d i s c h a r g e s  a t  the  downstream end o f  
eve ry  r e a c h ,  the  r e l a t i v e  e r r o r s ,  as p r e v i o u s l y  d e f i n e d ,  
were computed and the percen tage  o f  the t o t a l  number o f  
r e l a t i v e  e r r o r s  1n the  e s t im a t e d  d i s c h a rg e s  t h a t  were 
between ±0.11 are shown i n  Tab le 2 . 7 .  I t  i s  i n t e r e s t i n g  to 
no te  1n t h i s  t a b l e  t h a t :
1) In Reach F i v e ,  where two t r i b u t a r i e s  e n t e r  the main 
s tem,  e xce p t  f o r  1945,  more than 92 p e r c e n t  o f  the 
r e l a t i v e  e r r o r s  were between + 0 .1 1 ,  and even f o r  
t h i s  y e a r ,  the p e r c e n t  o f  r e l a t i v e  e r r o r s  between 
+0.11 was c l o s e  t o  90;
2) In Reach Two, where one l a r g e  t r i b u t a r y  e n t e r s ,  the 
percen tage  o f  r e l a t i v e  e r r o r s  between +0.11 was 
h i g h e r  than 96;
3) G e n e r a l l y  In  a l l  the  r ea c h e s ,  except i n  Reach One, 
a l l  bu t  f o u r  o f  the  pe rc en tages  o f  r e l a t i v e  e r r o r
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TABLE 2 . 7
PERCENTAGE OF THE R E L A T I V E  ERRORS IN  
THE E S T I M A T E D  DISCHARGES AT THE DOWNSTREAM END 
OF THE REACHES THAT WERE BETWEEN ± 0 . 1 1
each
No. 1939 1945 1959 1965 1966 1967
1 55.2 72.1 67 .2 82.6 75 .2 65.2
2
/
98.9 97.5 99.7 97.2 97.5 96.4
3 72.5 85.7 94.7 95.5 93.5 94.7
4 95.2 94.6 98.6 98.9 98 .0 99.4
5 98.0 88.1 99.4 98.0 98.9 92.9
6 84 .9 91 .2 96.9 95.9 94.6 97.7
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between ±0.11 were h i g h e r  than 90,  and f rom 1959 on 
a l l  these percentages were h i g h e r  than 92;
4) The r e s u l t s  ob ta i ned  1n Reach One were l e a s t  s a t i s ­
f a c t o r y .  This Is  b e l i e v e d  due to  the f a c t  t h a t  the 
d i s c h a rg e  o f  the r i v e r  I s  a b r u p t l y  m o d i f i e d  by op e ra ­
t i o n  o f  a dam and thus the d i scha rge  changes are 
sharp and the n a t u r a l  hydrograph i s  thus m o d i f i e d .
T h e r e f o r e ,  i t  was concluded on the bas is  o f  these 
r e s u l t s  t h a t  the procedure used i n  t h i s  s tudy  to e s t im a te  
downstream d a l l y  d ischa rges  as a f u n c t i o n  o f  upst ream d a l l y  
d i scha rge s  can be used s u c c e s s f u l l y  i n  reaches o f  about  200 
m i l es  i n  l e n g t h ,  bu t  when a p p l i e d  to l o n g e r  reaches ,  such 
as the M i s s i s s i p p i  R i ve r  f rom A l t o n  to V i c k s b u r g ,  the p r o ­
cedure has to  be a d ju s te d .
The ad jus tmen t  to  the procedure was made s y s t e m a t i ­
c a l l y  1n one reach a t  a t ime f rom upst ream to downstream, 
and c o n s i s t e d  In f i n d i n g  the r a t e  o f  d i scha rge  t h a t  had to 
be added to the upst ream d a l l y  d i sc ha rges  In a g iven  reach 
so t h a t  the co r re sp ond ing  es t im a ted  d a l l y  d i s c h a r g e s ,  a t  
the downstream end o f  t h a t  reach and a t  the downstream end 
o f  a l l  the o t h e r  downstream reaches ,  were c l o s e r  to the 
co r re spo nd in g  observed d a l l y  d i s c h a r g e s ,  and the percen tage 
o f  r e l a t i v e  e r r o r  between ±0.11 a t  V icksburg  was g r e a t e r  
than 80. To do t h i s ,  a t  every reach a f t e r  the f i r s t  one 
the downstream end d a l l y  d i scha rges  were es t im a te d  as f u n c ­
t i o n s  o f  the es t im a ted  d a l l y  d i s cha rg e  a t  the downstream
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end o f  the  reach im m e d ia te l y  ups t ream,  i n s t e a d  o f  the c o r ­
respon d ing  r e p r e s e n t a t i v e  v a l u e s .  A f r eq ue ncy  d i s t r i b u t i o n  
o f  the  r e l a t i v e  e r r o r s  i n  the  e s t im a te d  d i s c ha rg e s  was p r e ­
pared f o r  e s t i m a t e d  d i s c h a r g e  ranges o f  50,000 c f s  in  Reach 
One and f o r  ranges o f  100,000 c f s  i n  the o t h e r  re aches ,  and 
ad ju s tm e n ts  were de te rm ined  f o r  eve ry  range i n d e p e n d e n t l y  
f rom i n s p e c t i o n  o f  the f r e q u e n c y  d i s t r i b u t i o n  o f  r e l a t i v e  
e r r o r  i n  the  e s t i m a t e d  d i s c h a rg e s  i n  eve ry  range.
These a d ju s tm e n t s  were de te rm ined  f o r  the  years  
1939,  1945, 1965,  and 1966. For  the  yea rs  1939 and 1945 
d i f f e r e n t  a d ju s tm e n t s  were so u g h t ,  s i n c e  these yea rs  f e l l  
i n  a p e r i o d  when the  M i s s i s s i p p i  R i v e r  reg ime was r a p i d l y  
cha ng ing .  For 1965 and 1966 the same t ype  o f  ad ju s tm e n t  
was looked  f o r ,  and the 1959 and 1967 ye a rs  were used to  
v e r i f y  the  a d ju s tm e n t  de te rm in ed  f rom the  p u b l i s h e d  data 
o f  1965 and 1966. The a d ju s tm e n ts  de te rm ined  i n  t h i s  
manner are shown i n  Tab le  2 .8  and the  f r e q u e n c y  d i s t r i b u ­
t i o n  o f  r e l a t i v e  e r r o r  1n the a d j u s te d  va l ue s  o f  the 
d a i l y  d i s c h a rg e s  a t  V ic k s b u rg  f o r  the yea rs  1939, 1945,
1959,  1965,  1966 and 1967 i s  shown i n  Tab les  2.9 through  
2 .1 4 .  These t a b l e s  show t h a t  more than 80 p e r c e n t  o f  the 
r e l a t i v e  e r r o r s  i n  the a d j u s t e d  d a l l y  d i s c h a rg e s  a t  V i c k s ­
burg were w i t h i n  the  ±0.11 b r a c k e t  f o r  a l l  the yea rs  s t u d i e d .  
F ig u re  2.1 c o n t a i n s  the f r e q u e n c y  d i s t r i b u t i o n  curves o f  
the r e l a t i v e  e r r o r s  i n  the a d j u s te d  d i s c h a rg e s  a t  V ic ksb u rg  
f o r  the yea rs  1939,  1945,  1959,  1965,  1966 and 1967.
TABLE 2 .8
ADJUSTMENTS TO THE MODEL OF THE MISSISSIPPI RIVER ABOVE VICKSBURG 
IN PERCENTAGE OF THE FLOW AT THE REACHES. UPSTREAM ESO 
(D is c h a rg e s  1n 1 0 00 's  o f  c f s )
Reach One PJ?c l ,aT9? a t  Reach Two Reach Three Reach Four Reach F iv e  Reach S ix
u p s t re a a  1 " ...." - T a c t  t* 1*  reach .....- 1 ■ -■ i y r r     1 ~ TaTE   l a r r  14AC
end o f  1939 1945 ups tream  1939 1945 {Hi  1939 1945 \Hl  1939 1945 \Hl  1939 1945 j j jg g  1939 1945
0 - so .06 0- 100 .04 .08 .10 .06 .06 .06 .06 .08 .06
50-100 .06 .04 100- 200 .06 .06 .10 .06 .04 .04 .04 .08 .06
100-150 .08 .04 200- 300 .08 .08 .04 .04 .02 .04 .02 .04 .08 .06
150-200 .10 300- 400 .08 .06 .04 .06 .04 .02 .08 .04 .02 .08 .06
200-250 .08 400- 500 .06 .04 .02 .02 .04 .04 .06 .04 .04 .06 .02
250-300 .08 500- 600 .04 .04 .02 .02 .02 .04 .10 .02 .04 .10
300-3S0 .06 600- 700 .04 .02 .04 .02 .02 .02 .04 .08 .02 .04 .08 .02 .04
350-400 .06 700- 800 .08 .02 .04 .02 .02 .02 .10 .04
800- 900 .06 .02 .04 .06 .06
900- 1000 .06 .02 .04 .04 .04 .04 .04 .04 .04
1000- 1100 .06 .02 .02 .02
1100- 1200 .06 .02








FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ADJUSTED DISCHARGE AT VICKSBURG, 1939
Gre a te r  than 
or  equal  to
Less
than Number Cumulat i  ve % Cum. %
-0.41 7 7 0.020 0.020
-0 .41 - 0 .3 9 1 8 0.003 0.023
- 0 . 3 9 - 0 .3 7 1 9 0.003 0.026
- 0 .3 7 -0 .3 5 1 10 0.003 0.028
-0 . 3 5 -0 .3 3 1 11 0.003 0.031
- 0 .3 3 -0.31 2 13 0.006 0.037
-0.31 - 0 .2 9 1 14 0.0Q3 0.040
- 0 .2 9 -0 .2 7 4 18 0.011 0.051
-0 .2 7 - 0 .2 5 2 20 0.006 0.057
- 0 . 2 5 -0 .2 3 2 22 0.006 0.063
- 0 .2 3 -0.21 0 22 0 .0 0.063
-0.21 - 0 .1 9 3 25 0.009 0.071
- 0 . 1 9 -0 .1 7 4 29 0.011 0.082
-0 .1 7 - 0 .1 5 6 35 0.017 0.099
- 0 . 1 5 -0 .1 3 10 45 0.028 0.128
- 0 .1 3 -0.11 8 53 0.023 0.151
-0 .11 - 0 .0 9 22 75 0.063 0.213
-0 . 0 9 - 0 .0 7 24 99 0.068 0.281
- 0 .0 7 - 0 .0 5 22 121 0.063 0.344
- 0 .0 5 -0 .03 43 164 0.122 0.466
- 0 .0 3 -0.01 36 200 0.102 0.568
-0.01 0.01 29 229 0.082 0.651
0.01 0.03 12 241 0.034 0.685
0.03 0.05 29 270 0.082 0.767
0.05 0.07 31 301 0.088 0.855
0.07 0.09 20 321 0.057 0.912
0.09 0.11 14 335 0.040 0.952
0.11 0.13 8 343 0.023 0.974
0.13 0.15 4 347 0.011 0.986
0.15 0.17 1 348 0.003 0.989
0.17 0.19 2 350 0.006 0.994
0 .19 2 352 0.006 1.000
8 0 . IX o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.10
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ADJUSTED DISCHARGE AT VICKSBURG, 1945
" « * > • '  C u - . l . t l v .  *  Cun,. *
-0.41 5 5 0.014. 0.014
-0.41 - 0 .3 9 1 6 0.003 0.017
- 0 . 3 9 -0 .3 7 1 7 0.003 0.020
-0 .3 7 - 0 .3 5 2 9 0.006 0.026
- 0 .3 5 -0 .3 3 1 10 0.003 0.028
- 0 .3 3 -0.31 2 12 0.006 0.034
-0.31 - 0 . 2 9 2 14 0.006 0.040
- 0 . 2 9 -0 .2 7 4 18 0.011 0.051
-0 .2 7 - 0 .2 5 4 22 0.011 0.063
- 0 .2 5 -0 .2 3 3 25 0.009 0.071
-0 .2 3 -0.21 5 30 0.014 0.085
-0 .21 -0 . 1 9 1 31 0.003 0.088
- 0 .1 9 -0 .1 7 4 35 0.011 0.099
-0 .1 7 - 0 .1 5 7 42 0.020 0.119
- 0 . 1 5 -0 .13 8 50 0.023 0.142
- 0 .1 3 -0.11 5 55 0.014 0.156
-0.11 - 0 .0 9 18 73 0.051 0.207
- 0 . 0 9 -0 .0 7 26 99 0.074 0.281
-0 .0 7 - 0 .0 5 24 123 0.068 0.349
- 0 .0 5 -0 .0 3 34 157 0.097 0.446
-0 .0 3 -0.01 29 186 0.082 0.528
-0.01 0.01 42 228 0.119 0.648
0.01 0.03 33 261 0.094 0.741
0.03 0.05 13 274 0.037 0.778
0.05 0.07 29 303 0.082 0.861
0.07 0.09 30 333 0.085 0.946
0.09 0.11 13 346 0.037 0.983
0.11 0.13 2 348 0.006 0.989
0.13 0.15 2 350 0.006 0.994
0.15 0.17 0 350 0.0 0.994
0.17 0.19 2 352 0.006 1 .000
8 2 . 7% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.11
FREOUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ADJUSTED DISCHARGE AT VICKSBURG, 1959
G r e a te r  than 
o r  equa l  to
Less
than Number Cumula t i ve % Cum. %
- 0 . 3 9 -0 .3 7 1 1 0.003 0.003
- 0 .3 7 -0 .3 5 2 3 0.006 0.009
- 0 . 3 5 -0 .3 3 1 4 0.003 0.011
- 0 .3 3 -0.31 1 5 0.003 0.014
-0.31 - 0 .2 9 0 5 0.0 0.014
- 0 .2 9 - 0 .2 7 1 6 0.003 0.017
- 0 .2 7 - 0 . 2 5 0 6 0.0 0.017
- 0 . 2 5 - 0 .2 3 1 7 0.003 0.020
-0 .2 3 -0.21 2 9 0.006 0.026
-0.21 - 0 . 1 9 1 10 0.003 0.028
- 0 . 1 9 -0 .1 7 2 12 0.006 0.034
- 0 .1 7 -0 . 1 5 2 14 0.006 0.040
- 0 .1 5 -0 .13 4 18 0.011 0.051
-0 .1 3 -0.11 3 21 0.009 0.060
-0.11 - 0 .0 9 7 28 0.020 0.080
- 0 . 0 9 -0 .0 7 8 36 0.023 0.102
- 0 .0 7 - 0 . 0 5 14 50 0.040 0.142
-0 .0 5 - 0 .0 3 28 78 0.080 0.222
- 0 .0 3 -0 .01 38 116 0.108 0.330
-0.01 0.01 43 159 0.122 0.452
0.01 0.03 42 201 0.119 0.571
0.03 0 .05 49 250 0.139 0.710
0.05 0.07 36 286 0.102 0.813
0.07 0.09 21 307 0.060 0.872
0.09 0.11 27 334 0.077 0.949
0.11 0.13 6 340 0.017 0.966
0.13 0.15 6 346 0.017 0.983
0.15 0.17 4 350 0.011 0.994
0.17 0.19 2 352 0.006 1.000
88.9% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.12
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ADJUSTED DISCHARGE AT VICKSBURG, 1965
t ! ”  Number Cumula t i ve  % Cum. %or  equal  to  than
-0.41 4 4 0.011 0.011
-0.41 -0 .3 9 1 5 0.003 0.014
- 0 .3 9 -0 .3 7 0 5 0.0 0.014
-0 .37 - 0 .3 5 0 5 0.0 0.014
- 0 . 3 5 -0 .3 3 0 5 0.0 0.014
- 0 .3 3 -0.31 2 7 0.006 0.020
-0.31 - 0 .2 9 1 8 0.003 0.023
- 0 . 2 9 -0 .2 7 2 10 0.006 0.028
-0 .2 7 -0 .2 5 4 14 0.011 0.040
-0 . 2 5 -0 .2 3 3 17 0.009 0.048
-0 .2 3 -0.21 2 19 0.006 0.054
-0.21 - 0 .1 9 5 24 0.014 0.068
-0 . 1 9 -0 .1 7 5 29 0.014 0.082
- 0 .1 7 - 0 .1 5 4 33 0.011 0.094
- 0 .1 5 -0 .1 3 3 36 0.009 0.102
-0 .1 3 -0.11 5 41 0.014 0.116
-0.11 - 0 .0 9 12 53 0.034 0.151
-0 . 0 9 -0 .0 7 17 70 0.048 0.199
- 0 .0 7 -0 .0 5 16 86 0.045 0.244
- 0 .0 5 -0 .0 3 22 108 0.063 0.307
- 0 .0 3 -0.01 44 152 0.125 0.432
-0.01 0.01 41 193 0.116 0.548
0.01 0.03 47 240 0.134 0.682
0.03 0 .05 46 286 0.131 0.813
0.05 0.07 33 319 0.094 0.906
0.07 0.09 19 338 0.054 0.960
0.09 0.11 9 347 0.026 0.986
0.11 0.13 2 349 0.006 0.991
0.13 0.15 0 349 0 .0 0.991
0.15 0.17 0 349 0.0 0.991
0.17 0.19 0 349 0.0 0.991
0.19 3 35 2 0.009 1.000
87% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.13
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS 
IN ADJUSTED DISCHARGE AT VICKSBURG, 1966
o ^ e j u l / t o "  than Nul" b e r Cumu la t i ve  *  Cum. *
-0 .41 8 8 0.023 0.023
-0.41 - 0 . 3 9 0 8 0 .0 0.023
- 0 .3 9 - 0 .3 7 1 9 0.003 0.026
- 0 .3 7 - 0 .3 5 0 9 0 .0 0.026
-0 .3 5 -0 .3 3 0 9 0 .0 0.026
- 0 .3 3 -0.31 1 10 0.003 0.028
-0.31 - 0 . 2 9 0 10 0 .0 0.028
- 0 .2 9 -0 .2 7 1 11 0.003 0.031
- 0 .2 7 - 0 . 2 5 3 14 0.009 0.040
- 0 .2 5 -0 .2 3 1 15 0.003 0.043
-0 .2 3 -0.21 4 19 0.011 0.054
-0.21 - 0 . 1 9 4 23 0.011 0.065
- 0 .1 9 -0 .1 7 1 24 0.003 0.068
-0 .17 - 0 .1 5 6 30 0.017 0.085
- 0 .1 5 -0 .1 3 10 40 0.028 0.114
-0 .1 3 -0.11 8 48 0.023 0.136
-0.11 - 0 . 0 9 20 68 0.057 0.193
- 0 . 0 9 -0 .0 7 23 91 0.065 0.259
-0 .0 7 -0 . 0 5 31 122 0.088 0.347
-0 . 0 5 - 0 .0 3 22 144 0.063 0.409
- 0 .0 3 -0.01 32 176 0.091 0.500
-0 .01 0.01 41 217 0.116 0.616
0.01 0.03 35 252 0.099 0.716
0.03 0.05 34 286 0.097 0.813
0.05 0.07 26 312 0.074 0.886
0.07 0.09 26 338 0.074 0.960
0.09 0.11 10 348 0.028 0.989
0.11 0.13 1 349 0.003 0.991
0.13 0.15 2 351 0.006 0.997
0.15 0.17 1 352 0.003 1 .000
85.3% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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TABLE 2.14
FREQUENCY DISTRIBUTION OF RELATIVE ERRORS
IN ADJUSTED DISCHARGE AT VICKSBURG, 1967
G rea te r  than 
o r  equal  to
Less
than Number Cumula t i ve % Cum. %
-0 .31 - 0 . 2 9 1 1 0.003. 0.003
- 0 . 2 9 - 0 .2 7 0 1 0 .0 0.003
-0 .2 7 -0 . 2 5 2 3 0.006 0.009
- 0 . 2 5 -0 .2 3 0 3 0.0 0.009
- 0 .2 3 -0.21 2 5 0.006 0.014
-0.21 -0 . 1 9 2 7 0.006 0.020
- 0 . 1 9 -0 .17 4 11 0.011 0.031
-0 .1 7 -0 . 1 5 6 17 0.017 0.048
-0 . 1 5 -0 .1 3 6 23 0.017 0.065
-0 . 1 3 -0.11 12 35 0.034 0.099
-0.11 -0 .0 9 7 42 0.020 0.119
- 0 . 0 9 -0 .0 7 16 58 0.045 0.165
- 0 .0 7 - 0 .0 5 24 82 0.068 0.233
- 0 . 0 5 -0 .0 3 28 110 0.080 0.313
- 0 .0 3 -0.01 43 153 0.122 0.435
-0.01 0.01 56 209 0.159 0.594
0.01 0.03 36 245 0.102 0.696
0.03 0.05 34 279 0.097 0.793
0 .05 0.07 41 320 0.116 0.909
0.07 0.09 22 342 0.063 0.972
0 .09 0.11 6 348 0.017 0.989
0.11 0.13 1 3.49 0.003 0.991
0.13 0.15 3 352 0.009 1 .000
89% o f  r e l a t i v e  e r r o r s  f a l l  between ±0.11 .
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F igures  2 .3  and 2 .4  show the a d ju s te d  d a l l y  d ischa rges  o f  
1939 and 1967 compared w i t h  the observed d a l l y  d i s c h a rg e s .
From V icksbu rg  to  New O r l e a n s :
I n t r o d u c t i o n
The regime o f  t h i s  p a r t  o f  the M i s s i s s i p p i  R iv e r  was 
changed d r a s t i c a l l y  1n J u l y  1963 w i t h  the opening o f  the 
Old R i ve r  C on t ro l  S t r u c t u r e  1n the upper Old R i ve r  and the 
c l o s i n g  o f  the Lower Old R i ve r  (see F ig .  2 . 5 ) .  Be fore J u l y  
1963 the Lower Old R i ve r  was a n a t u r a l  d i v e r s i o n  o f  the 
M i s s i s s i p p i  to  the A t c h a fa la y a  R i v e r ;  a f t e r  t h i s  date the 
d i v e r s i o n  was man-made.
Because o f  the change in  regime o f  t h i s  p a r t  o f  the 
M i s s i s s i p p i  o n l y  f o u r  years  o f  p u b l i s h e d  d a i l y  d i sc ha rge  
were a v a i l a b l e  w i t h  the new reg ime:  f rom 1964 to  1967.
However,  d u r i n g  1964 and 1966, some barges a c c i d e n t a l l y  
s t r u c k  the c o n t r o l  s t r u c t u r e ,  and i t  was c losed f o r  a num­
ber  o f  days and the reby  a l t e r e d  the observed d a i l y  d i s ­
charge rec o rd  downstream o f  the s t r u c t u r e  f rom what  i t  
would have been w i t h  the gates open. Consequen t l y ,  data 
f rom 1964 and 1966 were no t  used in  t h i s  s t u d y .  Only two 
y e a r s ,  1965 and 1967, were a v a i l a b l e  f o r  c o n s t r u c t i n g ,  
t e s t i n g  and a d j u s t i n g  t h i s  p a r t  o f  the model .  The pub­
l i s h e d  d a l l y  r e co rd  o f  1965 was employed to t e s t  and a d j u s t  
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FIGURE 2.5 SCHEMATIC DIAGRAM
OF
THE MISSISSIPPI RIVER 
FROM VICKSBURG TO NEW ORLEANS
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From V ic k s b u rg  t o  New O r l e a n s :
T es t  and A d ju s tm e n t
The t e s t i n g  o f  t h i s  p a r t  o f  the model was c a r r i e d  
o u t  f o l l o w i n g  the  same f i v e  s teps  ment ioned 1n the  p re v io u s  
s e c t i o n :
Step One. - - T h e  e s t im a t e d  d a i l y  d i s c h a r g e s  a t  V i c k s ­
burg were s u b s t i t u t e d  1n Equa t i on  ( 2 . 3 )  t o  e s t i m a t e  the 
d a i l y  d i s c h a r g e s  a t  Natchez:
The observed d a l l y  d i s c h a r g e s  a t  V ic k s b u rg  were a l s o  s u b s t i ­
t u t e d  1n the  same e q u a t i o n .  The e s t im a te d  d i s c h a r g e s  a t  
Natchez us in g  the  e s t im a te d  and observed d a l l y  d i s c h a rg e s  
a t  V ic k s b u rg  were compared w i t h  t he  observed d i s c h a rg e s  a t  
Na tchez.  The pe rcen tage  o f  r e l a t i v e  e r r o r s  (as p r e v i o u s l y  
d e f i n e d )  t h a t  f e l l  1n the range ±0.11 1n both cases are 
shown 1n Tab le  2 .15.
ENA* +1 “  V I l
TABLE 2.15
PERCENTAGE OF RELATIVE ERRORS 
IN ESTIMATED DISCHARGE AT NATCHEZ 
BETWEEN ±0.11
Di scha rges  a t  V ic ksb u rg  
used 1n Step One
Percentage o f  RE 
w i t h i n  ±0.11
Es t imated 81 .0
Observed 98.3
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Step Two. - -T h e  d a l l y  s tages  a t  Natchez were es t imated  
f rom the co r re spo n d in g  d a l l y  d i s c h a r g e  a t  Natchez th rough  
the  second degree e q u a t io n  ( 2 . 4 ) :
ESNt+1 •  Cl + C2 x ENAi+ , + C3 x ( E N A ^ , ) 2
where and E N A ^  are  the es t ima ted  s tage and d i s ­
charge a t  Natchez on day A+1. r e s p e c t i v e l y ,  and C l ,  C2, and 
C3 are  the  c o e f f i c i e n t s  o f  the  second degree e q u a t i o n .  The 
va lues  f o r  these c o e f f i c i e n t s  were ob ta i ned  us ing the l e a s t  
squares method o f  f i t t i n g  e q u a t i o n s ,  u t i l i z i n g  the pub­
l i s h e d  d a l l y  d i s c h a r g e  and s tage reco rds  f o r  1965 a t  
Natchez.  These va lues  were computed to  be: Cl * 14.09726;
C2 = 0 .057404;  C3 ■ -0 .0000162 .  The c o r r e l a t i o n  c o e f f i ­
c i e n t  between the s tage and d i s c h a rg e  a t  Natchez was found 
to  be equal  to  0 .983 .  The s tandard  e r r o r s  o f  the r e g r e s s i o n  
c o e f f i c i e n t s  were no t  computed f o r  two reasons:  a) the
procedure f o r  comput ing these  va lues  f o r  a second-degree 
eq ua t io n  1s ve ry  I n v o l v e d  and b) the  u t i l i t y  o f  the r e s u l t  
1n o b t a i n i n g  the o b j e c t i v e  o f  the s tudy  1s l i k e l y  to be 
n e g l i g i b l e .  Consequen t l y  the  r e s u l t  would be to  d i v e r t  a 
s i g n i f i c a n t  f r a c t i o n  o f  a l i m i t e d  t ime p e r io d  f o r  a dubious 
o b j e c t i v e .
Step T h r e e . - - T h e  d a l l y  s tages a t  the I n f l o w  channel 
o f  the Old R i v e r  C o n t ro l  S t r u c t u r e  were es t im a ted  f rom the 
es t im a ted  d a l l y  s tages a t  Natchez th rough  Equa t ion ( 2 . 5 ) :
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ESI£*1 -  ESN£+1 - CH1£+1
where E S I 1 s  the  es t im a ted  s tage a t  the I n f l o w  channel  
o f  the s t r u c t u r e  on day £+1, ESN^-j  1s the es t ima ted  s tage 
a t  Natchez on day £+1, and CHI 1s an es t ima ted  d i f f e r ­
ence 1n wa te r  s u r f a c e  e l e v a t i o n  between Natchez and the 
gaging s t a t i o n  on the I n f l o w  channel  o f  the c o n t r o l  s t r u c ­
t u r e  on day £+1 . The va lue  o f  C H l ^  depends upon the 
va lue  o f  the s tage a t  Natchez on day £,+1. The observed 
d a l l y  s tages a t  Natchez f o r  the yea r  1965 were d i v i d e d  1n 
ranges o f  5 f e e t ,  the average d i f f e r e n c e  between the ob­
served stages a t  Natchez and a t  t he  gaging s t a t i o n  on the 
I n f l o w  channel  o f  the c o n t r o l  s t r u c t u r e  f o r  the yea r  1965 
was computed f o r  every  range.  These are l i s t e d  1n Table 
2 .16 .  From these r e s u l t s  the  va lues  o f  C H l ^  were se­
l e c t e d  f o r  every  range and these va lues  are a l s o  g i ven  1n 
Tab le 2 .16 .  T h e r e f o r e ,  to  e s t im a t e  the I n f l o w  s tage a t  the 
c o n t r o l  s t r u c t u r e  on day £+1, f o r  example,  w i t h  the  e s t i ­
mated s tage a t  Natchez on day £+1 the  c o r re spo nd in g  C H l ^ j  
Is  s e l e c t e d  f rom Table 2 .1 6 ,  and t h i s  va lue  Is  s u b t r a c t e d  
f rom the  s tage a t  Natchez on day £+1 I t s e l f  to  g i v e  the 
es t im a ted  I n f l o w  s tage f o r  day £+1.
These com pu ta t ions  were made us ing  the d a l l y  stages 
a t  Natchez e s t i m a t e d ,  w i t h  the  es t im a ted  d a l l y  d i scha rge s  
a t  V icksbu rg  s u b s t i t u t e d  In  the e q u a t io n  o f  Step One and 




WATER SURFACE ELEVATION DIFFERENCES, IN FEET
Between Natchez and Between Acme and
Stage a t  the  gaging s t a t i o n  s t  t  the  gaging s t a t i o n  
J . I ' l . ,  on the I n f l o w  chan-  on the o u t f l o w
/ f t l  nel  o f  the  c o n t r o l  / f t \ channel  o f  the
' '  s t r u c t u r e  '  '  c o n t r o l  s t r u c t u r e
1 ^ 7 . — " t t t - t j w  c t t ™
CH1 t + l  CH1Jt + l
20-25 9.82 9.82
25-30 10.31 10.31







5-10 -2 .7 4 - 2 .3 5
10-15 -1 .96 -1 .96
15-20 -2 .3 5 - 2 .3 5
20-25 -2 .3 5 - 1 .9 6
25-30 -1 .17 -1 .56
30-35 0.39 - 0 .7 8
35-40 1.17 0.78
40-45 0 . 0 0 0.78
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S i m i l a r l y ,  the  d a l l y  s tages a t  the o u t f l o w  channel  
o f  the Old R i ve r  C o n t ro l  S t r u c t u r e  were es t ima ted  f rom the  
observed d a l l y  s tages a t  Acme th rough  Equa t ion ( 2 . 6 ) :
ES° l + i ■ SA»+i - CH2 t * i
where E S O ^  1 s t he  es t im a ted  s tage a t  the o u t f l o w  channel  
o f  the  Old R i ve r  C o n t ro l  S t r u c t u r e  on day £+1, SA^- j  1s the 
observed s tage a t  Acme on day £+1, and CH2^+  ^ 1s an e s t i ­
mated d i f f e r e n c e  1n wa te r  s u r f a c e  e l e v a t i o n  between Acme 
and the  gaging s t a t i o n  a t  the o u t f l o w  channel  o f  the con­
t r o l  s t r u c t u r e  on day £+1. The va lue  o f  CH2A+  ^ 1s a f u n c ­
t i o n  o f  the  s tage a t  Acme on day £+1. The observed d a l l y  
s tages a t  Acme f o r  1965 were d i v i d e d  I n t o  ranges o f  f i v e  
f e e t ,  the average d i f f e r e n c e  between the observed stages a t  
Acme and a t  the gaging s t a t i o n  on the o u t f l o w  channel  o f  
the  c o n t r o l  s t r u c t u r e  f o r  1965 was computed f o r  every  range. 
These are  shown 1n Tab le 2 .1 6 .  From these r e s u l t s  the  
va lues o f  CH2 ^ + 1  were s e l e c t e d  f o r  every  range and are a l so  
shown 1n Table 2 . 1 6 .  To e s t im a t e  the o u t f l o w  s tage a t  the 
s t r u c t u r e  on day £+1 , the  va l ue  o f  CH2 A + 1  1 s taken f rom 
Tab le  2.16 us ing  the observed s tage a t  Acme on day £+1, the 
va lue  o f  CH2 a+j 1 s s u b t r a c t e d  f rom SAA + 1  and the  es t ima ted  
o u t f l o w  s tage 1 s o b t a i n e d .
Step Fo u r . - - T h e  d a l l y  d i s cha rge s  th rough  the c o n t r o l  
s t r u c t u r e  were es t im a ted  t h rough  a m u l t i l i n e a r  eq u a t io n  as 
a f u n c t i o n  o f  the  es t im a ted  d a l l y  s tages  a t  the I n f l o w  and
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o u t f l o w  channel  o f  the s t r u c t u r e .
EQSa + 1  -  CM31 + CM32 x ESI £ + 1  + CM33 x ES0£ + 1  ( 2 .1 7 )
where E Q S ^ j ,  ESI*+ i  and ES0£+l are the es t im a ted  d i scha rge s  
through the  s t r u c t u r e ,  and the I n f l o w  and o u t f l o w  channel  
s tag es ,  and CM31 » -11 9 .3 81 ;  CM32 = 13.6782;  CM33 = -4 .87056 .  
These va lues were de termined  by us ing  the observed d a l l y  
d i s ch a rge  and the o u t f l o w  and I n f l o w  channel  s tages f o r  
1965 w i t h  the l e a s t  squares method o f  f i t t i n g  e q u a t io n s .
The s tandard e r r o r s  o f  the r e g r e s s i o n  c o e f f i c i e n t s  were 
equal to  0 .99 and 0.91 r e s p e c t i v e l y .  The c o r r e l a t i o n  
m a t r i x  f o r  the t h r e e  v a r i a b l e s  are  shown 1n Tab le  2 .17 .
TABLE 2.17




The I n f l o w  s ta g e s ,  es t im a ted  by us ing  the es t im a ted  and ob­
served d i scha rg e s  a t  V icksburg  1n Step One, were s u b s t i ­
t u t e d  1 n the e q u a t io n  to  compute the  d i scha rg e s  th rough  the 
c o n t r o l  s t r u c t u r e .  The es t im a ted  d i sch a rge s  th rough  the 
s t r u c t u r e  by the  two methods were compared w i t h  the ob­
served va lues  and the  percen tage o f  r e l a t i v e  e r r o r s  between 
±0.11 f o r  both cases are shown In  Table 2 .18 .
48
TABLE 2.18
PERCENTAGE OF RELATIVE ERRORS IN COMPUTED DISCHARGES 
THROUGH THE OLD RIVER CONTROL STRUCTURE 
AND AT TARBERT LANDING BETWEEN ±0.11
Through the  Old R i ve r  At  T a r b e r t  
used In  Step One e ™ * ™ 1 S t r u c t u r e  Landing
Observed 52.3 94.9
Es t imated 42.5 84.6
Step F i v e . - -T h e  d a l l y  d i s c h a rge s  a t  T a r b e r t  Landing 
were es t im a te d  by s u b t r a c t i n g  the es t im a ted  d a l l y  d i scha rges  
th rough  the  c o n t r o l  s t r u c t u r e  f rom the  es t im a ted  d a l l y  d i s ­
charges a t  Natchez us ing  Equa t ion  ( 2 . 7 ) :
ETVi ■ ENA*+i - ESTt+i
where E T A I s  the es t im a ted  d i s c h a r g e  a t  T a r b e r t  Landing 
f o r  day JL+1, E N A ^ j  1s the  es t im a ted  d i s c h a rg e  a t  Natchez 
f o r  day A + l . and E S T ^  1 s the  es t im a ted  d i s c h a rg e  through  
the Old R i v e r  C o n t ro l  S t r u c t u r e  f o r  day A+l .  Tab le  2.18 
a l s o  shows the percen tage o f  r e l a t i v e  e r r o r  between ±0 . 1 1  
f o r  the  es t im a ted  d a l l y  d i s cha rge s  a t  T a r b e r t  Land ing,  
us i ng  the observed and es t im a ted  d a l l y  d i scha rges  a t  V i c k s ­
burg 1n Step One.
Step S i x . — The d a l l y  d i s ch a rge s  a t  New Or leans were 
taken as be ing the same as the  d a l l y  d i s cha rg e s  a t  T a r b e r t  
Landing two days b e f o r e ,  t h rough  Equa t ion ( 2 . 8 ) :
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d i f f e r e d  f rom the observed d ischa rges  th rough  the s t r u c t u r e  
by more than 11 p e r c e n t .  This t ime even the es t im a ted  d i s ­
charges a t  T a r b e r t  Landing were un ac c e p ta b le ,  l ess  than 80 
p e rcen t  o f  the r e l a t i v e  e r r o r s  be ing between ±0 . 1 1 , i . e . ,  
more than 20 p e rcen t  o f  the es t im a ted  d i scha rges  a t  T a r b e r t  
Landing d i f f e r e d  f rom the observed d i sc ha rges  by more than 
1 1  p e r c e n t .
TABLE 2.20
PERCENTAGE OF RELATIVE ERRORS OF ESTIMATED DISCHARGE 
THROUGH THE OLD RIVER CONTROL STRUCTURE 
USING THE 4-VARIABLE EQUATION AND THE ESTIMATED 
DISCHARGE AT TARBERT LANDING, THAT WERE 
BETWEEN ±0.11
D a i l y  d i s c ha rg e  a t  For the es t im a ted  For the es t im a ted
V icks burg  used i n  d a l l y  d i scha rge  d a i l y  d i sc ha rg e  a t
Step One through  the ORCS T a r b e r t  Landing
Observed 41.8 73.3
Es t imate d  31.9 69.9
Wi th the 3 - v a r i a b l e  eq ua t io n  to e s t im a t e  the d a i l y  
d i s cha rge s  through  the  c o n t r o l  s t r u c t u r e ,  the es t im a te s  o f  
the d a i l y  d i s c h a rg e  a t  T a r b e r t  Landing were s a t i s f a c t o r y  
(see Table 2 . 1 8 ) ,  even though the e s t im a te s  o f  the d i s ­
charges th rough  the c o n t r o l  s t r u c t u r e  cou ld  have been 
b e t t e r .  However,  1n both cases some o f  the es t im a ted  o u t ­
f l o w  stages were g r e a t e r  than the cor respond in g  i n f l o w  
s t a g e s ,  even though a s i n g l e  o u t f l o w  s tage h i g h e r  than the 
co r re sp o n d in g  i n f l o w  s tage has never  been observed.  The
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reason f o r  t h i s  i s  b e l i e v e d  to  be t h a t  the eq ua t io n s  used 
to  compute the i n f l o w  and o u t f l o w  s tages based on the 
s tages  a t  Natchez and a t  Acme, r e s p e c t i v e l y ,  d i d  no t  take 
i n t o  accoun t  the  i n t e rd e p e n d en c y  between the i n f l o w  and 
o u t f l o w  s tages and the d i s c h a r g e  th ro ug h  the s t r u c t u r e .  To 
ap pr o x im a te  the  b e h a v i o r  o f  the s t r u c t u r e ,  an i t e r a t i v e  
p rocedure  was de v i se d  t o  recompute the i n f l o w  and o u t f l o w  
s tages  and the c o r r e s p o n d in g  d i s c h a r g e  t h rough  the s t r u c ­
t u r e ,  w i t h  the c o n s t r a i n t  t h a t  no o u t f l o w  s tage be h i g h e r  
than the  c o r r e s p o n d in g  i n f l o w  s tag e .
In g e n e r a l ,  the  i t e r a t i v e  p rocedure  worked as 
f o l 1 ows :
1) Compute the  d i s c h a r g e  th ro ug h  the  c o n t r o l  s t r u c t u r e  
w i t h  the  l i n e a r  e q u a t i o n  as a f u n c t i o n  o f  the e s t i ­
mated i n f l o w  and o u t f l o w  s t a g e s ;
2) Recompute the  i n f l o w  s tage w i t h  a l i n e a r  e q u a t io n  as 
a f u n c t i o n  o f  the  e s t im a t e d  d i s c h a r g e  and o u t f l o w  
s t a g e ;
3) Recompute the  o u t f l o w  s tage  w i t h  a l i n e a r  e q u a t io n  
as a f u n c t i o n  o f  t he  e s t im a t e d  d i s c h a r g e  and the new 
e s t i m a t e  o f  the I n f l o w  s ta g e ;
4) Recompute the  d i s c h a r g e  th ro ug h  the s t r u c t u r e  w i t h  
the  same e q u a t i o n  used 1n Step One, bu t  w i t h  the  new 
e s t i m a t e s  o f  the I n f l o w  and o u t f l o w  s t a g e s ;
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5) Go back to  Step Two and r e p e a t  t h i s  p rocedure  u n t i l  
t he f o l l o w i n g  t h r e e  c o n d i t i o n s  are ach ieved :
a) The new e s t im a t e s  o f  the  d i s c h a rg e  do no t  d i f f e r  
f rom the  p re v io u s  e s t im a te s  by more than 1 1  
p e r c e n t ;
b) the  new e s t im a t e s  o f  the i n f l o w  and o u t f l o w  s tages  
do n o t  d i f f e r  f rom the p re v io u s  e s t im a te s  by more 
than 0 .5 0  f e e t .
T h i s  p rocedure  was t r i e d  w i t h  the two types o f  eq ua t ion s  
p r e v i o u s l y  men t ion ed ,  one a 3 - v a r i a b l e  e q u a t i o n  and the 
o t h e r  a 4 - v a r l a b l e  e q u a t i o n  ( d i s c h a r g e s  o f  the p r e v io u s  day 
be ing  the f o u r t h  v a r i a b l e ) .  The new e s t im a te s  o f  the d i s ­
charges t h ro u g h  the s t r u c t u r e  and d i s c h a rg e s  a t  T a r b e r t  
Land ing w i t h  observed and e s t im a t e d  d i s c h a rg e s  a t  V icksb u rg  
used In  Step One were compared w i t h  the c o r r e s p o n d in g  ob­
served v a l u e s ,  t he  r e l a t i v e  e r r o r s  were computed 1 n each 
case and the  pe rcen tage  o f  r e l a t i v e  e r r o r s  w i t h i n  ±0 . 1 1  
are  shown 1n Tab le 2 .2 1 .  Using the 3 - v a r 1 a b l e  e q u a t i o n ,  
a p p r o x i m a t e l y  48 p e r c e n t  o f  the e s t im a te d  d i s c h a r g e s  th rough  
the c o n t r o l  s t r u c t u r e  d i f f e r e d  f rom the observed d i s c h a r g e  
by more than 11 p e r c e n t .  The accuracy  was no t  Improved by 
use o f  the  4 - va r1ab1e  e q u a t i o n  as the  pe rcen tage  o f  e s t i ­
mates o u t s i d e  o f  the 11 p e r c e n t  d i f f e r e n c e  I n c r e a s e d .  How­
e v e r ,  no e s t im a t e d  downstream s tage was h i g h e r  than the 
c o r r e s p o n d in g  upst ream s ta g e .  These r e s u l t s  were Improved 
by use o f  a co m b in a t io n  o f  the two types o f  e q u a t i o n s  i n
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TABLE 2.21
PERCENTAGE OF RELATIVE ERRORS OF ESTIMATED DISCHARGE THROUGH 
THE OLD RIVER CONTROL STRUCTURE USING ITERATION, AND THE ES­
TIMATED DISCHARGE AT TARBERT LANDING, THAT WERE BETWEEN ±0.11
Discha rge  a t  
V i c k s b u r g  used 
i n  Step One
Type o f  Equa t ion  
used
Di scharge 
th ro ug h  the 
OCRS
Discharge  a t  
T a r b e r t  
Landing
Observed 3 - v a r 1 a b l e 52.2 74.5
4 - v a r i  ab le 34.4 62.7
Es t im a te d 3 - v a r i  ab le 50.3 63.1
4 - v a r i  ab le 30.6 56. 3
the i t e r a t i o n  as f o l l o w s :  1 n a l l  s teps  o f  the i t e r a t i o n
exc ep t  the f o u r t h ,  the 3 - v a r i a b l e  eq ua t io n s  were used.
In Step Four a 4 - v a r i a b l e  e q u a t i o n  was used bu t  the d i s ­
charge be ing  e s t i m a t e d  was used as the  f o u r t h  v a r i a b l e  i n  
the e q u a t i o n  i n s t e a d  o f  the e s t im a t e d  d i s c h a rg e  f o r  the 
p r e v i o u s  day.  The reason f o r  t h i s  1s the b e l i e f  t h a t  when 
the  e s t i m a t e d  d i s c h a r g e  f o r  the p r e v io u s  day i s  used In 
t h i s  e q u a t i o n  an e x t r a  e r r o r  i s  I n t r o d u c e d  i n t o  the  compu­
t a t i o n  o f  d i s c h a r g e  f o r  the  a c t u a l  day,  and t h i s  1 s 
avo ided  by I n t r o d u c i n g  a t e rm ,  s i m i l a r  t o  the  f o r m e r ,  bu t  
one t h a t  1 s c o n s t a n t l y  be ing a d j u s te d  to  the new s i t u a t i o n s .  
The r e s u l t s  are shown 1n Tab le  2 .22 and are s i m i l a r  to 
those  1n Tab le 2 .2 1 .
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TABLE 2.22
PERCENTAGE OF RELATIVE ERRORS OF ESTIMATED DISCHARGE THROUGH 
THE OLD RIVER CONTROL STRUCTURE USING ITERATION AND COMBINA­
TION OF 3- AND 4-VARIABLE EQUATIONS, AND THE ESTIMATED DIS­
CHARGE AT TARBERT LANDING THAT WERE BETWEEN ±0.11
Discharge a t  -  f  Eaua t ion Discharge Discharge a t  
V ic ksb urg  used Iype j q u a t i o n  through  the T a r b e r t  
i n  Step One usea OCRS Landing
Observed Combinat ion o f  50.9 92.3
th r e e  and f o u r  
Es t imated  v a r i a b l e s  48 82.3
These r e s u l t s  are as good as the ones shown in  Table 2 .1 8 ,  
where no i t e r a t i o n  was per formed and a 3 - v a r i a b l e  equa t i on  
was used bu t  some o f  the e s t im a te d  o u t f l o w  stages were 
h i g h e r  than the co r r e sp o n d in g  I n f l o w  s tag es .  To avoid 
t h i s ,  a comb ina t i on  o f  both procedures was used,  e s t i m a t i n g  
the d a i l y  d i s ch a rge s  th roug h  the c o n t r o l  s t r u c t u r e  w i t h  the 
3 - v a r i a b l e  e q u a t io n  bu t  the I t e r a t i o n  be ing per formed on ly  
when the d i f f e r e n c e s  between the co r re sp o n d in g  upst ream and 
downstream stages were less  than 0 .20 f e e t .  The percentage 
o f  r e l a t i v e  e r r o r s  w i t h i n  ±0 . 1 1  o f  the e s t im a te s  o f  the 
d i s c h a rg e  through  the s t r u c t u r e  and a t  T a r b e r t  Landing in  
t h i s  case are shown 1n Table 2 .23 .
The accuracy  o f  the e s t im a te s  o f  the d a i l y  d i s ­
charges a t  T a r b e r t  Landing i s  acce p ta b le  d e s p i t e  the 
s m a l l e r  accuracy o f  the e s t im a te s  o f  the d a i l y  d i sch a rges
th rough  the c o n t r o l  s t r u c t u r e .  However,  these r e s u l t s  were
accepted because,  as Table 2.24 shows, the e s t im a te  o f  the
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TABLE 2.23
PERCENTAGE OF RELATIVE ERRORS OF ESTIMATED DISCHARGE THROUGH 
THE OLD RIVER CONTROL STRUCTURE, USING THE ITERATION ONLY 
WHEN INFLOW-OUTFLOW STAGES <0.20 FT, AND THE ESTIMATED DIS­
CHARGES AT TARBERT LANDING, THAT WERE BETWEEN ±0.11
Discharge a t  Discharge Discharge at  
Procedure Used V icks burg  used th rough  T a r b e r t
i n  Step One the OCRS Landing
I t e r a t i o n  o n ly  Observed 55.1 92.3
when i n f l o w -
o u t f l o w  stages Est imated  48.0 82.3
<0 . 2 0  f t
d a i l y  d i scha rg e  a t  T a r b e r t  Land ing cou ld  not  be improved 
upon us ing  the observed d a i l y  d i scha rg e  i n s te a d  o f  the es ­
t im a te d  d a i l y  d i s c h a rg e  th rough  the s t r u c t u r e .  A p p r o x i ­
mate ly  the same type o f  e s t im a te s  o f  the d a i l y  d i scha rge  a t  
T a r b e r t  Land ing were o b ta in e d  assuming the d a i l y  d i s ch a rg e  
th rough  the s t r u c t u r e  equal  t o  25 p e rcen t  o f  the d a i l y  d i s ­
charge a t  Na tchez ,  as can be seen in  Table 2 .2 4 .  Th e re fo re  
the va lues o f  the d i scha rge s  through  the c o n t r o l  s t r u c t u r e  
were no t  s i g n i f i c a n t  i n  the e s t i m a t i o n  o f  the d i scha rge  a t  
T a r b e r t  Land ing .
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TABLE 2.24
PERCENTAGE OF RELATIVE ERRORS IN ESTIMATED DISCHARGE 
AT TARBERT LANDING BETWEEN ±0.11
Discharge  a t  
V icksburg  used 
1n Step One
Discharge th rough  
the Old R i v e r  
C o n t ro l  S t r u c t u r e
D ischarge a t  




Es t imated 73.4
Observed 25X o f  the 87.2
d l  scharge
Est imated a t  Natchez 81 . 0
Vicksburg  t o  New O r l e a n s :
V e r l f I c a t l o n
The whole second p a r t  o f  the model was v e r i f i e d  
w i t h  1967 da ta .  The d i s cha rge s  a t  Natchez,  the d i scha rge s  
t h rough  the Old R i v e r  C o n t ro l  S t r u c t u r e  and the  d i sch a rge s  
a t  T a r b e r t  Landing were es t im a ted  us ing  the  es t im a ted  and 
observed d i s c h a r g e  a t  V icksb urg  1n Step One o f  t h i s  p a r t  
o f  the model .  The es t im a ted  d i scha rge s  were compared w i t h  
the c o r respond in g  observed d i scha rges  a t  Natchez,  th rough  
the  Old R i v e r  C o n t ro l  S t r u c t u r e  and a t  T a r b e r t  Land ing.
The r e l a t i v e  e r r o r s  were computed and the percen tage o f  
r e l a t i v e  e r r o r s  t h a t  were between ±0 . 1 1 , o f  the  es t ima ted  
d i scha rges  a t  Natchez,  Old R i ve r  Co n t ro l  S t r u c t u r e  and a t  
T a r b e r t  Landing are  shown i n  Tab le  2 .25 .  From t h i s  t a b l e  
1t  can be seen t h a t  more than 90 p e rcen t  o f  the  es t im a ted  
d i sch a rg e s  a t  T a r b e r t  Landing d i f f e r e d  f rom the observed
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d i s c h a r g e  by l e s s  than 11 p e r c e n t .  T h e re fo re  the  second 
p a r t  o f  the  model was con s id e re d  s a t i s f a c t o r y .
TABLE 2.25
PERCENTAGE OF RELATIVE ERRORS IN ESTIMATED DISCHARGES
BETWEEN ±0 .1 1 ,  1967
Discharge a t  D ischarge D ischarge a t  Old D ischarge a t  
V icksburg  used a t  R i v e r  Co n t ro l  T a r b e r t
1n Step One Natchez S t r u c t u r e  Landing
Observed 95.2 67.6 92.9
Est imated 74.0 56.2 91.2
F in a l  Model
A f t e r  a l l  the  ad ju s tments  ment ioned 1n the p rev ious  
s e c t i o n s  were pe r fo rm ed ,  the  f i n a l  model can be used 1 n 
the f o l l o w i n g  manner:
Upstream f rom V icksburg
1. In Reach One s u b s t i t u t e  the " r e p r e s e n t a t i v e  d i s ­
charge"  (as p r e v i o u s l y  d e f i n e d )  f o r  A l t o n  on day £-11 and 
f o r  Hermann on day £-10 1n Equa t ion  ( 2 . 1 1 ) :
ECHk -  ALk _ 3  ♦ HEk _ 2
p r e v i o u s l y  d e s c r i b e d ,  and compute the  d i s c h a rg e  a t  Chester  
on day £ - 8 . Wi th t h i s  va lue  o f  the  d i s c h a rg e  a t  Chester  on 
day £ - 8 , the  co r re s p o n d in g  ad ju s tm e n t  1 s s e l e c te d  f rom 
Tab le  2 .8  and added to  the computed d i s c h a rg e  a t  Chester
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i t s e l f  and a new a d ju s te d  va lue  o f  the  d i s c h a rg e  a t  Chester  
on day £ - 8  1 s o b t a i n e d .
2. In Reach Two the  a d ju s te d  va lu e  o f  the  d i sch a rg e
a t  Chester  on day £ - 8  and the  " r e p r e s e n t a t i v e  d i s c h a r g e "  a t
M e t r o p o l i s  on day £>7 are s u b s t i t u t e d  1n Equa t ion ( 2 . 1 2 ) :
EHIk -  CHk _ 2  ♦ MEk _,
and the d i s c h a rg e  a t  Hickman on day £ - 6  Is  computed. Wi th 
t h i s  va lue  the co r r e spo nd in g  ad ju s tm e n t  1 s s e l e c t e d  f rom 
Tab le  2 .8  and added t o  the  d i s c h a rg e  a t  Hickman and a new 
a d ju s te d  va lue  o f  the d i s c h a rg e  a t  Hickman on day £ - 6  1s 
o b t a l n e d .
3. In Reach Three w i t h  the a d ju s te d  d i sch a rg e  a t  
Hickman on day £ - 6 , s e l e c t  f rom Tab le 2 .8  the co r re s p o n d ­
ing a d ju s tm e n t ,  add 1t  t o  the a d ju s te d  d i s c h a rg e  a t  H i c k ­
man on day £ - 6  i t s e l f  to  o b t a i n  the a d ju s te d  d i s c h a rge  a t
Memphis on day £-5 .
4.  In Reach Four w i t h  the a d ju s te d  d i s c h a rg e  a t  
Memphis on day £-5 s e l e c t  f rom Tab le  2 .8  the co r re spo nd ing
ad ju s tm e n t  and add 1 t  t o  the  a d ju s te d  d i s c h a r g e  a t  Memphis
on day £-5 i t s e l f  to  o b t a i n  the a d ju s te d  d i s c h a rg e  a t  
Helena on day £ -3 .
5. In Reach F ive  s u b s t i t u t e  the a d ju s te d  d i sch a rg e  
a t  Helena on day £ -3 ,  and the " r e p r e s e n t a t i v e  d i s c h a r g e s "
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f o r  Clarendon and L i t t l e  Rock f o r  day £-4 1n Equa t ion 
( 2 . 1 5 ) :
EARk -  EHEk . ,  ♦ CLk _ 2  ♦ LRk . 2
p r e v i o u s l y  d e s c r i b e d ,  and compute the d i s c h a rg e  a t  A rk an ­
sas C i t y  on day £ -2 .  Wi th t h i s  va lue  o f  the d i s c h a rg e  a t  
Arkansas C i t y  on day £ - 2 ,  the c o r re spo nd in g  ad ju s tm e n t  1s 
s e l e c te d  f rom Table 2.8 and added t o  the computed d i s c h a rg e  
a t  Arkansas C i t y  on day £-2 I t s e l f  t o  o b t a i n  the a d ju s te d  
va lue  o f  the  d i sch a rg e  a t  Arkansas C i t y  on day £-2 .
6 . In Reach S i x ,  w i t h  the a d ju s te d  d i s c h a rg e  a t  
Arkansas C i t y  on day £ - 2 ,  s e l e c t  f rom Table 2 .8  the c o r r e ­
sponding ad ju s tm e n t  and add I t  to  the a d ju s te d  d i s c h a rg e  
a t  Arkansas C i t y  on day £-2 to  o b t a i n  the a d ju s te d  d i s ­
charge a t  V icksburg  on day £.
Appendices A and B are l i s t i n g s  o f  the main com­
p u t e r  program and s u b r o u t i n e  ESTVIC which per form the com­
p u t a t i o n s  d e s c r i b e d .  Appendix C 1s the f l o w  c h a r t  o f  sub­
r o u t i n e  ESTVIC.
From V icksbu rg  t o  New Or leans
1. S u b s t i t u t e  the  a d ju s te d  d i s c h a rg e  a t  V icksburg  
on day £ 1n Equa t ion ( 2 . 3 ) :
ENVi ■vi*
and o b t a i n  the d i s c h a rg e  a t  Natchez on day £+1.
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2. S u b s t i t u t e  t he  d i s c h a r g e  a t  Natchez on day £-<-1 
1n E q ua t i on  ( 2 . 4 ) :
ESN1+] -  Cl + 02 x ENAt + , + C3 x (ENAt + , ) 2
where:  Cl -  14 .09726 ;  C2 *  0 .057404 ;  and C3 = 0.0000162
and o b t a i n  the  s tage  a t  Natchez on day £+1.
3. a) Wi th the  va lue  o f  the  s tage a t  Natchez on 
day £+1, s e l e c t  f rom Tab le  2.16 the  c o r r e s p o n d in g  va lue  o f  
CHIA+i • S u b s t i t u t e  the s tage  a t  Natchez on day £+1 and the 
va l ue  o f  CHl^+ i i n  E q ua t i on  ( 2 . 5 ) :
ESI**i ■ ESNt+i - CHVi
and o b t a i n  the  s tage a t  the I n f l o w  channel  o f  the  c o n t r o l  
s t r u c t u r e  on day £+1 .
b) Wi th the  observed s tage a t  Acme on day £+1, 
s e l e c t  f rom Tab le  2 .16 the c o r r e s p o n d in g  va lue  o f  CH2&+1. 
S u b s t i t u t e  the observed s tage a t  Acme on day £+1 and the 
va lue  o f  CH2a+ i  In  Equa t i on  ( 2 . 6 ) :
Esot + i  *  s a 4+ i  -  CH2*+ i
and o b t a i n  the s tage a t  the o u t f l o w  channel  o f  the c o n t r o l  
s t r u c t u r e  on day £+1 .
4.  S u b s t i t u t e  the  I n f l o w  and o u t f l o w  s tages  on 
day £+1 I n t o  Equa t i on  ( 2 . 1 7 ) :
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EQSJ t + 1  -  CM31 + CM32 x ESI A + 1  + CM33 x ESO& + 1
where:  CM31 = - 1 1 9 . 3 8 1 ;  CH32 * 13 .6782 ;  CM33 = -4 .87056
and compute the  d i s c h a r g e  th ro u g h  the  Old R i v e r  C o n t ro l  
S t r u c t u r e  on day £+1.
Compute the  va lu e  o f  E S I ^  -  E S O ^ - j .
I f  t h i s  va l u e  1s l e s s  than 0 .20 f e e t  pe r fo rm  the I t e r a t i o n  
p r e v i o u s l y  ment ioned t o  recompute the d i s c h a r g e  th rough  
the c o n t r o l  s t r u c t u r e .
5. S u b s t i t u t e  the  computed d i s c h a rg e s  a t  Natchez 
and th ro ug h  the c o n t r o l  s t r u c t u r e  on day £+1 , ENAA+  ^ and 
EST^+ i , r e s p e c t i v e l y ,  I n t o  Equa t i on  ( 2 . 7 ) :
ETA*+ i  -  ENA* + i -  EST* +i 
and compute the  d i s c h a r g e  a t  T a r b e r t  Landing on day £+1.
6 . F i n a l l y ,  s u b s t i t u t e  the  e s t im a t e d  d i s c h a r g e  a t  
T a r b e r t  Land ing on day £+1 I n t o  Equa t i on  ( 2 . 8 ) :
EN0 i + 3  ■ ETAt + l
and compute the d i s c h a r g e  a t  New Or leans  on day £+3.
Appendices D and E a re  a l i s t i n g  and f l o w  c h a r t  o f  
s u b r o u t i n e  ESTNOR which per fo rms  t he  comp u ta t i ons  d e s c r i b e d .
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E x te n s io n s  o f  the Mode l : Advanced Es t imates
o f  D i s c h a rg e  a t  V ic ksb u rg  and a t  New Or leans
I n t r o d u c t i o n
The model developed i n  the p reced ing  s e c t i o n  e s t i ­
mates the d i s c h a r g e s  a t  V ic k s b u rg  t h r e e  days i n  advance,  
based on the  d i s c h a rg e s  1n the  M i s s i s s i p p i ' s  main t r i b u ­
t a r i e s .  The s tages  a t  Acme would have t o  be p r e d i c t e d  
t h r e e  days i n  advance t o  p r e d i c t  the d i s c h a r g e s  th rough  
the  Old R i v e r  C o n t ro l  S t r u c t u r e  t h r e e  days 1n advance to  
be a b le  to  p r e d i c t  the d i s c h a r g e s  a t  New Or leans t h r e e  days 
ahead o f  the  p r e d i c t e d  d i s c h a r g e s  a t  V i c k s b u r g .  However,  
the accu racy  o f  the  d i s c h a r g e  th ro ug h  the  c o n t r o l  s t r u c t u r e  
does no t  seem to  a f f e c t  the  accu racy  o f  the e s t im a t e s  o f  
d i s c h a r g e  a t  T a r b e r t  La nd ing .  Consequent l y  the e s t im a te s  
o f  the  d i s c h a r g e  a t  New Or leans  are no t  a f f e c t e d  and the 
d i s c h a r g e  t h ro u g h  the  c o n t r o l  s t r u c t u r e  can be assumed to  
be 25 p e r c e n t  o f  the d i s c h a r g e  a t  Natchez f o r  the purpose 
o f  p r e d i c t i n g  the  d i s c h a rg e s  a t  New Or leans  based on the 
p r e d i c t e d  d i s c h a r g e s  a t  V i c k s b u r g ,  making i t  unnecessary to 
p r e d i c t  the s tages  a t  Acme.
To p r o v i d e  advanced e s t i m a t e s  o f  the  d i s c h a r g e  a t  
V ic ksb u rg  f o r  a c e r t a i n  c o n s e c u t i v e  number o f  days,  and the 
c o r r e s p o n d in g  t h r e e - d a y  advanced e s t i m a t e s  o f  the d i s c h a r g e  
a t  New O r l e a n s ,  the same p r i n c i p l e  o f  the  gene ra l  model was 
used t o  p r e d i c t  the  d i s c h a r g e  a t  V ic k s b u rg  f o r  the f o r t h ­
coming s i x  days ,  based t h i s  t im e  on the  d a i l y  d i s c h a r g e  in
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the  main stem as w e l l  as t he  d a l l y  d i scha rge s  1n the M is ­
s i s s i p p i ' s  main t r i b u t a r i e s .  Assuming the  d i s c h a rg e  
th rough  the Old R i v e r  C o n t ro l  S t r u c t u r e  to  be 25 p e rcen t  
o f  the f l o w  a t  Natchez,  the  c o r re spo nd in g  t h r e e - d a y  advance 
p r e d i c t i o n  o f  the d i s cha rge s  a t  New Or lea ns ,  based on the 
p r e d i c t e d  d i scha rge s  a t  V i c k s b u r g ,  was made.
Advanced Es t imates  o f  
b l s ch a rges  a t  V icksburg
One-Day Advance E s t i m a t e . - -A r k a n s a s  C i t y  1s the 
c l o s e s t  upst ream gaging s t a t i o n  to  V ic k s b u rg .  I t  was e s t i ­
mated t h a t  the  f l o w  would need, on the average ,  two days 
to  t r a v e l  f rom Arkansas C i t y  to  V i c k s b u r g ,  t h e r e f o r e  know­
ing the  d i s c h a rg e  a t  Arkansas C i t y  on a g i ven  day,  a c c o r d ­
ing to  the f l o w  r o u t i n g  p rocedure used 1 n t h i s  s t u d y ,  t h i s  
d i s c h a r g e  would be a p p r o x im a te l y  the d i s c h a rge  a t  V icksb urg  
two days l a t e r .  However,  because a t h r e e - d a y  c o n s e c u t i v e  
we igh ted average was used as the  r e p r e s e n t a t i v e  d i s c h a rge  
f o r  the m idd le  day o f  the  t h r e e ,  on any g i ven  day o n l y  the 
r e p r e s e n t a t i v e  d i s c h a r g e  f o r  the  day be fo re  was known; 
t h e r e f o r e ,  by knowing the  d i s c h a r g e  a t  Arkansas C i t y  on 
any g i ven  day,  one can p r e d i c t  the  d i s c h a r g e  a t  V icksbu rg  
f o r  o n l y  one day 1 n advance.
PVt + 1  -  A R , . ,  ( 2 . 1 9 )
where PVA+j 1s the  p r e d i c t e d  d i s c h a r g e  a t  V icksburg  f o r  
day £ + 1  made on day &, and A R ^ j  1 s the r e p r e s e n t a t i v e
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d i s c h a rg e  a t  Arkansas C i t y  on day £-1 .
Two-Day Advance E s t i m a t e . - -The  next  upstream s t a t i o n  
1n the M i s s i s s i p p i  R i ve r  1s Helena,  which i s  one day o f  
water  t r a v e l  t ime  away f rom Arkansas C i t y .  Helena and 
Arkansas C i t y  11m1t  Reach F ive (see F1g . 2 . 2 ) ;  two t r i b u ­
t a r i e s  e n t e r  t h i s  reach,  the Whi te and Arkansas r i v e r s ,  
t h e i r  gaging s t a t i o n s  Clarendon and L i t t l e  Rock, r esp ec ­
t i v e l y ,  be ing two days o f  f l o w  t r a v e l  t ime away f rom 
Arkansas C i t y .  Knowing the d i s c h a rg e  a t  Helena on any 
g i ven  day,  the r e p r e s e n t a t i v e  d i s c h a rg e  o f  the day be fo re  
can be computed,  th rough  the t h r e e - c o n s e c u t l v e - d a y  weighted 
average,  combined w i t h  the r e p r e s e n t a t i v e  d i sch a rges  a t  
Clarendon and a t  L i t t l e  Rock on the day b e f o r e ,  and adding 
the ad jus tmen ts  co r re spo nd in g  to  the rea ch ,  the r e p r e s e n t a ­
t i v e  d i s c h a rg e  a t  Arkansas C i t y  f o r  day zero can be e s t i ­
mated and the d i s c h a rg e  a t  V icksburg  two days l a t e r  can be 
p r e d i c t e d .
PVI t + 2  -  HEt _, ♦ CL4 . 2  + LR j . 2  ♦ AD5  ( 2 .2 0 )
where PVI ^ + 2  the p r e d i c t e d  d i s c h a rg e  a t  V icksburg  f o r
day £ + 2  made on day £;  HEA l , CLA _ 2  and LRA _ 2  are the r e p ­
r e s e n t a t i v e  d i scha rge s  a t  Helena f o r  day £ -1 ,  a t  Clarendon 
f o r  day £ -2 ,  and a t  L i t t l e  Rock f o r  day £-2 r e s p e c t i v e l y ,  
and ADg 1s the ad jus tment  f o r  Reach F iv e .
6 6
Three-Day Advance E s t i m a t e . --Memphis i s  the nex t  up­
s t ream s t a t i o n ,  two f l o w - t r a v e l  days away f rom Arkansas C i t y  
and the same d i s t a n c e  as Clarendon and L i t t l e  Rock, t h e r e ­
f o r e  the  f l o w  a t  V i c k s b u rg  can be p r e d i c t e d  f o r  t h r e e  days 
i n  advance as f o l l o w s :
PVIt +3 *  MPi - l  + CL* - 1  + LR* - )  + AD4 + AD5 <2 ' 21>
where PVI A 1s the p r e d i c t e d  d i s c h a r g e  a t  V ic k s b u rg  f o r
day Z+3 made on day Z; LR^- j  are the r e p r e ­
s e n t a t i v e  d i s c h a r g e s  a t  Memphis,  Clarendon and L i t t l e  Rock 
f o r  day fc-1 , r e s p e c t i v e l y ,  and AD^ and AD^ are the c o r r e ­
spond ing ad ju s tm e n ts  f o r  Reaches Four and F iv e .
Fou r -  and F ive -Day  Advance E s t i m a t e s . - -Hickman i s  
the ne x t  upst ream s t a t i o n ,  s i x  f l o w - t r a v e l  days away f rom 
V i c k s b u r g .  The f l o w  a t  Hickman i s  abou t  80 p e rc e n t  o f  t h a t  
a t  V i c k s b u r g ,  t h e r e f o r e  by m u l t i p l y i n g  the r e p r e s e n t a t i v e  
d i s c h a r g e  a t  Hickman on any g i ve n  day by 1 .2 4 ,  one can p r e ­
d i c t  the d i s c h a r g e  a t  V ic k s b u rg  f i v e  days i n  advance:
PVI £ + 5  -  1 .24 x H l ^  ( 2 . 2 2 )
where PVI^+g i s  the p r e d i c t e d  d i s c h a r g e  a t  V ic ksb u rg  f i v e
days i n  advance made on day Z, and H I ^ - j  i s  the r e p r e s e n t a ­
t i v e  d i s c h a r g e  a t  Hickman f o r  day A - l .
The p r e d i c t i o n  o f  the d i s c h a r g e  a t  V ic k s b u rg  f o u r  
days i n  advance was s i m p l y  e s t im a t e d  as an average o f  the 
d i s c h a rg e s  p r e d i c t e d  f o r  t h r e e  and f i v e  days i n  advance.
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Six-Day Advance E s t i m a t e . - -H ickman i s  a t  the up­
s t ream end o f  Reach Two, M e t r o p o l i s  and Chester  are one and 
two days away from Hickman r e s p e c t i v e l y .  The f l o w  a t  H i c k ­
man on day l can be computed on day l th rough  Equat ion
where EH I ^  i s  the es t im a ted  d i scha rge  a t  Hickman f o r  day I 
made on day I , M E ^  and CH^ _ 2  are the r e p r e s e n t a t i v e  d i s ­
charges a t  M e t r o p o l i s  f o r  day £-1 and a t  Chester  f o r  day 
1-2 r e s p e c t i v e l y ,  t h e r e f o r e  the d i sc ha rge  a t  V icksburg  s i x  
days in  advance can be es t im a ted  as:
where i s  the p r e d i c t e d  d i sch a rg e  a t  V icksburg  f o r
day H+ 6  made on day l.
Advance Est imates  o f  the 
Discharges a t  New Or leans
The t h r e e - d a y  advance d i sc ha rges  a t  New Or leans can 
be p r e d i c t e d  us ing the second p a r t  o f  the model p r e v i o u s l y  
deve loped ,  except  t h a t  the d i scha rg e  through  the Old R i ve r  
Con t ro l  S t r u c t u r e  i s  assumed equal  to  25 p e rcen t  o f  the 
d i sch a rg e  a t  Natchez.  The d i sch a rge  a t  Natchez can be p r e ­
d i c t e d  two days in  advance based on the p r e d i c t e d  d i sc ha rge  
a t  V icksburg  one day i n  advance:
( 2 . 1 2 ) :
EH I MEI - 1 + CH1 - 2
PVI Jt+6 1.24 x EH I a (2 .23 )
(2 .24)
6 8
where pN^ + 2  i s  the p r e d i c t e d  d i sch a rg e  a t  Natchez on day 
£ + 2  made on day £.
The d i scha rge  a t  T a r b e r t  Landing two days i n  advance 
can be computed s u b t r a c t i n g  f rom the two-day advance d i s ­
charge a t  Natchez the 25 pe rce n t  o f  the same p r e d i c t e d  d i s ­
charge a t  Natchez.  This  s u b t r a c t i o n  i s  supposed to be the 
wate r  f rom the M i s s i s s i p p i  R i v e r  t h a t  goes th rough  the Old 
R iv e r  C o n t ro l  S t r u c t u r e :
P T * + 2  ' PNf 2  - ° ' 2 5  x PNl + 2  <2 ' 25)
where pT^ + 2  i s  the p r e d i c t e d  d i sc ha rge  a t  T a r b e r t  Landing 
f o r  day 1+2 made on day £. From here the d i s c h a rg e  a t  New 
Or leans can be p r e d i c t e d  f o r  day £+4:
PNOm  * PV 2  ( 2 ' 26)
where PNO^^ i s  the p r e d i c t e d  d i sch a rg e  a t  New Or leans made 
on day £.
S u b s t i t u t i n g  Equa t ion ( 2 . 2 4 )  i n t o  Equa t ion ( 2 . 2 5 ) ,  
and Equa t ion (2 .2 5 )  i n t o  Equa t ion ( 2 . 2 6 ) ,  the va lue o f  the 
d i sc ha rge  a t  New Or leans f o r  day £+4 can be ob ta in ed  
d i r e c t l y  f rom the p r e d i c t e d  d i scha rge  a t  V icksbu rg  f o r  day 
£ + 1  (one day in  advance) :
PN0f 4 ■ PVl - °-25 x PVl
PH0 l +4 * PV l  ( 1  -  ° - 25> ( 2 .2 7 )
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S i m i l a r l y ,  the p r e d i c t e d  d i s c h a rge  a t  New Or leans 
f o r  days £.+5, £.+6 , £+7,  £+8 , £+9 can be ob ta in e d  f rom the 
p r e d i c t e d  d i s c h a r g e  a t  V ic k s b u rg  f rom two to  s i x  days in  
advance.
PN0* +5 ■ P V £ , + 2 X (1 - 0 .25)
( 2 . 2 8 )
P N 0 < U 6  ‘ PV* +3 X (1 - 0 .2 5)
( 2 . 2 9 )
pN0t+? = PV 4 X (1 - 0 .2 5 )
( 2 . 3 0 )
PNtV a  - PV 5 X (1 - 0 . 25)
( 2 . 3 1 )
PNV 9  * pV e X (1 -  0 .2 5 )
(2 . 3 2 )
Appendix  F i s  an example o f  the p r e d i c t i o n  p ro ced ure .
Tes t  o f  the Mode l ' s  Ex ten s io n
The e x t e n s i o n  o f  the model was worked ou t  us ing  the 
reco rds  o f  1965 and 1967, the  r e l a t i v e  accu racy  o f  the e s t i ­
mates f o r  the f o r t h c o m i n g  s i x  days a t  V ic ksb u rg  can be seen 
in  Tab le 2 . 2 6 ,  where the percen tage  o f  r e l a t i v e  e r r o r s  o f  




PERCENTAGE OF RELATIVE ERRORS OF ADVANCE 
ESTIMATES AT VICKSBURG
Number o f  Days i n  Advance
1965 95.6 93.9 93 .3  96.1 8 8 . 8  85.9
1967 97.7 95 .8  99 .2  93.9 81 .5  77.5
CHAPTER I I I
APPLICATIONS OF THE MODEL 
I n t r o d u c t i o n
One o f  the main uses o f  M i s s i s s i p p i  R iv e r  wa te r  i s  
the supp ly  o f  d r i n k i n g  wa te r  to  the c i t y  o f  New Or leans .
The most i m p o r t a n t  o f  the p r e s e n t l y  proposed uses o f  the 
M i s s i s s i p p i ' s  wa te r  i s  the d i v e r s i o n  o f  about  12 m i l l i o n  
a c r e - f e e t  o f  wa te r  a n n u a l l y  to Texas.
The su p p ly  o f  f r e s h  wa te r  to  New Or leans i s  
t h re a te n e d  by s a l t  wa te r  i n t r u s i o n  f rom the G u l f  o f  Mexico 
d u r i n g  low f l o w  p e r i o d s .  The d i v e r s i o n  o f  wa te r  to Texas 
cou ld  worsen the s a l t  problem a t  New O r le a n s ,  and cou ld  
a l so  a f f e c t  the t o t a l  d i s s o l v e d  and suspended s o l i d  concen­
t r a t i o n s .  Because o f  t h i s ,  the f o l l o w i n g  two a p p l i c a t i o n s  
o f  the model were made: ( 1 ) the p r e d i c t i o n  o f  p o s s i b l e
p e r io ds  o f  h igh s a l t  c o n c e n t r a t i o n  a t  New Or leans based on 
the d a i l y  d i s cha rge s  i n  the M i s s i s s i p p i ' s  main t r i b u t a r i e s  
and d a i l y  s tages a t  Acme, and (2)  the p r e d i c t i o n  o f  p o s s i b l e  
e f f e c t s  o f  the d i v e r s i o n  o f  wa te r  to Texas on the d i scha rge  
a t  New Or leans and on the s a l t  wa te r  c o n c e n t r a t i o n  a t  
A l g i e r s ,  New Or lea ns .
To be ab le  to  use these two a p p l i c a t i o n s  o f  the model 
a r e l a t i o n s h i p  between the  s a l t  c o n c e n t r a t i o n  and d is cha rge
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at  New Or leans had to be developed.
R e l a t i o n s h i p s  between the S a l t  C o n c e n t ra t io n  
and Discharge a t  New Or leans
New Or leans i s  lo c a te d  102.8 m i l es  f rom the mouth o f  
the M i s s i s s i p p i  R i v e r  a t  the G u l f  o f  Mexico.  At  low f l o w  
the s a l t  wa te r  f rom the G u l f  moves upst ream i n t o  the M is ­
s i s s i p p i  R i v e r ,  m ix ing  w i t h  the f r e s h  wa te r  and i n c r e a s i n g  
the s a l t  c o n c e n t r a t i o n  in  the r i v e r .
Development
A cco rd ing  to  the f i g u r e s  e n t i t l e d  " S a l i n i t y  c on te n t  
o f  the M i s s i s s i p p i  R i v e r  f rom New Or leans to the Passes, "  
October  7 -9 ,  1937, September 26-27 ,  1939, and December 27-30 ,  
1939 (U.S.  Corps o f  En g inee rs ,  New O r le a n s ,  1968) ,  the s a l t  
wa te r  i n t e r f a c e  o f  5000 ppm c h l o r i d e  ( c h l o r i d e  r a d i c a l )  
d e f i n e s  a boundary l i n e  between f r e s h  and s a l t  w a te r .  The 
1 0 0  ppm and 1 0 , 0 0 0  ppm I s o c h l o r  l i n e s  are w i t h i n  1 0  f t  v e r ­
t i c a l l y  f rom the 5000 ppm I s o c h l o r .  The p ro g re s s io n  and 
r e g r e s s i o n  o f  the 5000 ppm i s o c h l o r  was found to  be r e l a t e d  
to  the d i sc ha rge  a t  New Or leans .  The p o s i t i o n  i n  the r i v e r  
o f  the 5000 ppm I s o c h l o r  was a p p r o x im a te l y  lo c a te d  by ob­
s e r v i n g  values o f  the s a l t  c o n c e n t r a t i o n  a t  Po r t  Su lphur  
and a t  A l g i e r s .  Then the d i scha rge  a t  New Or leans was found 
to c o n t r o l  the p o s i t i o n  o f  the i s o c h l o r  and consequen t l y  the 
s a l t  c o n c e n t r a t i o n  a t  P o r t  Su lphur  and a t  A l g i e r s .  The d i s ­
charges a t  New Or leans were e s t im a te d  f rom the pub l i s h e d
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d i sc ha rge  a t  Red R i ve r  Landing and T a r b e r t  Land ing.
From the o b s e r v a t i o n  o f  the d a i l y  s a l t  c o n c e n t r a t i o n  
records  a t  Po r t  Su lphur  and a t  A l g i e r s  and the es t ima ted  
d a i l y  d i scha rges  a t  New Or leans f o r  the same p e r io d  o f  
record  (1936 to  1967) ,  the f o l l o w i n g  r e l a t i o n s h i p s  between 
the s a l t  c o n c e n t r a t i o n  a t  P o r t  Su lphur  and a t  A l g i e r s  and 
the d i scharges  a t  New Or leans were found :
1. When the M i s s i s s i p p i ' s  d i scha rge  a t  New Or leans 
was above 2 2 0  thousand c fs  the s a l t  wa te r  i n t e r f a c e  o f  
5000 ppm d id  not  move f rom the G u l f  f a r  enough upstream in  
the M i s s i s s i p p i  to in c rea se  the s a l t  c o n c e n t r a t i o n  a t  Po r t  
S u l p h u r .
2. When the M i s s i s s i p p i ' s d i s cha rg e  a t  New Or leans 
was below 2 2 0  thousand c f s ,  the s a l t  wa te r  i n t e r f a c e  o f  
5000 ppm would move f rom the G u l f  upst ream in  the M i s s i s ­
s i p p i  and i n  ten days the s a l t  c o n c e n t r a t i o n  a t  Po r t  Su lphur  
rose above 50 ppm, and would c o n t in u e  to r i s e  r a p i d l y  as 
long as the f l o w  was below 2 2 0  thousand c f s .
3. When the d i sch a rge  a t  New Or leans was below 150 
thousand c fs  the s a l t  wa te r  i n t e r f a c e  would move f u r t h e r  
upst ream and in  26 days the s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  
would become h i g h e r  than 1 0 0  ppm, and t h i s  would inc rease  
very r a p i d l y  as long as the f l o w  remained below 150 thousand 
c f s .  The s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  would never  have 
i nc reased  to  100 ppm had the d i sc ha rge  a t  New Or leans been 
g r e a t e r  than 150 thousand c f s .
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4. When the f l o w  a t  New Or leans inc reases  again and 
becomes g r e a t e r  than 150 thousand c f s ,  the s a l t  c o n c e n t r a ­
t i o n  a t  A l g i e r s  w i l l  r e t u r n  to  i t s  normal value in  a p p r o x i ­
mate ly  3 days.
5. The s a l t  wa te r  i n t e r f a c e  o f  5000 ppm w i l l  be 
eroded downstream pas t  P o r t  Su lphur  a f t e r  a p p ro x im a te ly  4 
days o f  f l o w  g r e a t e r  than 2 2 0  thousand c f s .
V e r i f i c a t i o n  o f  the R e l a t i o n s h i p s
The r e l a t i o n s h i p s  between the s a l t  c o n c e n t r a t i o n  at  
P o r t  Su lphur  and a t  A l g i e r s  and the es t im a te d  d a i l y  d i s ­
charge a t  New Or leans were t e s t e d  by d e t e r m i n i n g ,  f o r  the 
whole p e r i o d  o f  rec o rd  (1936 -1967 ) ,  a l l  the pe r iods  o f  s a l t  
c o n c e n t r a t i o n  g r e a t e r  than 50 ppm a t  Po r t  Su lphur  and 
g r e a t e r  than 100 ppm a t  A l g i e r s ,  us ing  the r e l a t i o n s h i p s  
p r e v i o u s l y  d e s c r ib e d  and the es t im a ted  d a i l y  d i scharges  a t  
New Or lea ns .  The dates o f  ex ce ss ive  s a l t  were computed and 
compared to  the observed pe r io ds  o f  s a l t  c o n c e n t r a t i o n  
g r e a t e r  than 50 ppm a t  P o r t  Su lphur  and g r e a t e r  than 100 
ppm a t  A l g i e r s  d u r i n g  the same y e a rs .  This  compar ison can 
be seen i n  F igu res  3.1 through  3 .8 .
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Figure 3.1 Est imated and observed c h l o r i d e  con ten ts  i n  excess o f  50 ppm
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Figure 3.2 Est imated and observed c h l o r i d e  con ten ts  in  excess o f  50 ppm
at  Por t  Sulphur  and i n  excess o f  100 ppm a t  A l g i e r s ,  1940-1943. *sjo>
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F igure 3.3 Est imated and observed c h l o r i d e  con ten ts  in  excess o f  50 ppm
a t  Por t  Su lphur  and in  excess o f  100 ppm a t  A l g i e r s ,  1944-1947
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Figure 3.4 Est imated and observed c h l o r i d e  con ten ts  in  excess o f  50 ppm
at  Por t  Su lphur  and in  excess o f  100 ppm a t  A l g i e r s ,  1948-1951. 00
Figure 3.5 Est imated and observed c h l o r i d e  con ten ts  in  excess o f  50 ppm
a t  Por t  Su lphur  and in  excess o f  100 ppm a t  A l g i e r s ,  1952-1955.
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Figure 3.6 Est imated and observed c h l o r i d e  con ten ts  in  excess o f  50 ppm a>
a t  Por t  Sulphur  and in  excess o f  100 ppm a t  A l g i e r s ,  1956-1959. °
• ■■■a  i n m u  m u  t a a a a  t a a
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Figure 3.7 Est imated and observed c h l o r i d e  con ten ts  in  excess o f  50 ppm
at  Po r t  Su lphur  and i n  excess o f  100 ppm a t  A l g i e r s ,  1960-1963,
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F igure 3.8 Es t imated and observed c h l o r i d e  con ten ts  i n  excess o f  50 ppm
at  Po r t  Su lphur  and i n  excess o f  100 ppm a t  A l g i e r s ,  1964-1967.
83
Use o f th e  R e l a t i o n s h i p s
S t a r t  w i t h  the es t im a ted  d a l l y  d i scha rge s  a t  New 
Or leans and use t he  f o l l o w i n g  p rocedure :
1. When a t  l e a s t  f o u r  c o n s e c u t i v e  va lues  o f  d i s ­
charge are h i g h e r  than 2 2 0  thousand c f s ,  the s a l t  concen­
t r a t i o n s  a t  A l g i e r s  and a t  P o r t  Su lphur  would be normal .
2.  When the  d i s c h a r g e  a t  New Or leans f o r  the f i r s t  
t ime 1s less  than 220 thousand c f s ,  s t a r t  a coun t  a t  Po r t  
Su lphur  ( IP0SU-1) .
3.  Th is  count  a t  P o r t  Su lphur  1s con t in ued  as long 
as the  d i s c h a rg e  a t  New O r l e a n s * ^ ^ * s s  than 220 thousand
when t h i s
g r e a t e r  than IP 0 SU2 . ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ t 1 on 
Su lphur  be
When the  the
t ime 1s le s s  150
a t  A l g i e r s  ( I A L G I - 0 ) .
Keep c o u n t i n g  as d i s ­
charge a t  New Or leans 1s l e s s  than 150 thousand c f s ;  when 
t h i s  count  1s equal  to  o r  g r e a t e r  than 26 ( IA L G I^2 6 ) ,  the 
s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  shou ld  be h i g h e r  than 100 
ppm.
6 . When t h e  d i s c h a r g e  a t  New Or leans Inc re ases  
again  and f o r  a t  l e a s t  t h r e e  c o n s e c u t i v e  days 1 s h i g h e r  
than 150 thousand c f s ,  t he  s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  
should r e t u r n  to  normal ( I A L 6 I - - 1 ) .
7. When the f low t t  How Orlooat co* inues 
1 ng and d u r i n g  a t  lo a s t  four consecutive i a , i  i f  
than 2 2 0  thousand c f s ,  the s a l t  coaceatra t ic  r. at  
phur should  r e t u r n  to  n o m a l  (IPOSU-OJ
Appendices 6  and N are a l i s t i n g  flow  
s u b r o u t i n e  DISALT which enabled the caapote to 
the sequence o f  operations described above.
P r e d i c t i n g  Periods of H g i  Sa t 
Concentration a t  nailers"
Only two years ,  1965 aad 1947, o f  ords 
a v a i l a b l e  with  the present rogiaeo of tbe w s s 1 s 
R i v e r  (Old River Control S tru cture  fe a c t ie c  ng).  
d a l l y  discharges In the M is s is s ip p i 's  a a u  r ib  
and the  d a l l y  stages a t  Acae fo r  tbose yea* we 
t u t e d  1n the model, the d a i ly  discharges a t  New 
were e s t la a te d .  The days of biyb s a l t  ceoc*ntra  
A lg ie rs  were found equal to xe re .  f a r  both -ears,  
as observed. The nuabor o f  days of biyb sa t  co 
t1on a t  Port Sulphur found w ith  tbo aoOel • . s 65'  
and 59 fo r  1967,  coaparad w i tb  44 aad ) • .  rrspe  
o b s e r v e d .
To show how the accuracy of tbo ost i* ia t  
a t  Vicksburg a f fo c ts  tboso r e s u l t s ,  tbo soc ;nd 
model was worked out using tbo observed dls<:har 
Vicksburg. Tho nuabor of days of s a l t  w o te * a t  
phur were 6 6  fo r  1 t6 6  and 61 fo r  1 M 7 ;  a t  A . g l o r
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Use o f  the R e l a t i o n s h i p s
S t a r t  w i t h  the es t ima ted  d a l l y  d i s cha rge s  a t  New 
Or leans and use the  f o l l o w i n g  p rocedure :
1. When a t  l e a s t  f o u r  c o n s e c u t i v e  va lues o f  d i s ­
charge are h i g h e r  than 2 2 0  thousand c f s ,  the s a l t  concen­
t r a t i o n s  a t  A l g i e r s  and a t  P o r t  Su lphur  would be normal .
2. When the  d i s c h a rg e  a t  New Or leans f o r  the f i r s t  
t ime Is le ss  than 220 thousand c f s ,  s t a r t  a coun t  a t  Po r t  
Su lphur  ( IPOSU-1) .
3.  Th is  coun t  a t  P o r t  Su lphur  1s con t in ued  as long 
as the  d i s c h a rg e  a t  New Or leans 1s l e s s  than 220 thousand 
c f s ;  when t h i s  coun t  a t  P o r t  Su lphur  1s equal to  or  
g r e a t e r  than 10 ( I P 0 SU2 .1 0 ) ,  the  s a l t  c o n c e n t r a t i o n  a t  Por t  
Su lphur  should be h i g h e r  than 50 ppm.
4. When the  d i s c h a rg e  a t  New Or leans f o r  the f i r s t  
t ime  1s l e s s  than 150 thousand c f s ,  s t a r t  a coun t  a t  zero 
a t  A l g i e r s  ( IA L G Ia0 ) .
5. Keep c o u n t i n g  a t  A l g i e r s  as long as the  d i s ­
charge a t  New Or leans Is  le ss  than 150 thousand c f s ;  when 
t h i s  coun t  I s  equal  to  o r  g r e a t e r  than 26 ( IA L G I^2 6 ) ,  the 
s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  should  be h i g h e r  than 100 
ppm.
6 . When t h e  d i s c h a rg e  a t  New Or leans Inc reases  
again and f o r  a t  l e a s t  t h r e e  c o n s e c u t i v e  days 1 s h i g h e r  
than 150 thousand c f s ,  the  s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  
should r e t u r n  t o  normal ( IA L G Ia- l ) .
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7. When the f l o w  a t  New Or leans con t in u e s  I n c r e a s ­
ing and d u r in g  a t  l e a s t  f o u r  c o n s e c u t i v e  days 1 s h i gh e r  
than 220 thousand c f s ,  the  s a l t  c o n c e n t r a t i o n  a t  Por t  S u l ­
phur should r e t u r n  to  normal ( IP0SU»0).
Appendices 6  and H are a l i s t i n g  and f l o w  c h a r t  o f  
s u b r o u t i n e  DISALT which enabled the  computer  to  per form 
the sequence o f  o p e r a t i o n s  de sc r ib ed  above.
P r e d i c t i n g  Per iods  o f  High S a l t  
C o n c e n t r a t i o n  a t  A l g i e r s
Only two y e a r s ,  1965 and 1967, o f  reco rds  were 
a v a i l a b l e  w i t h  the p re s e n t  regimen o f  the M i s s i s s i p p i  
R i v e r  (Old R i v e r  C o n t ro l  S t r u c t u r e  f u n c t i o n i n g ) .  The 
d a l l y  d i s cha rge s  1n the M i s s i s s i p p i ' s  main t r i b u t a r i e s ,  
and the d a l l y  s tages a t  Acme f o r  these years  were s u b s t i ­
t u t e d  In  the model ,  the  d a l l y  d i scha rges  a t  New Or leans 
were e s t im a te d .  The days o f  h igh s a l t  c o n c e n t r a t i o n  a t  
A l g i e r s  were found equal  to  z e r o ,  f o r  both y e a r s ,  same 
as observed.  The number o f  days o f  h igh s a l t  c o n c e n t r a ­
t i o n  a t  P o r t  Su lphur  found w i t h  the  model was 65 f o r  1965 
and 59 f o r  1967,  compared w i t h  46 and 39, r e s p e c t i v e l y ,  
o b s e rv e d .
To show how the accuracy o f  the  es t im a ted  d i scha rge  
a t  V icksbu rg  a f f e c t s  these r e s u l t s ,  the second p a r t  o f  the 
model was worked ou t  us i ng  the  observed d i scha rges  a t  
V ic k s b u rg .  The number o f  days o f  s a l t  wa te r  a t  Por t  S u l ­
phur were 6 6  f o r  1965 and 61 f o r  1967; a t  A l g i e r s  t h e re
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were no days o f  h igh s a l t  c o n c e n t r a t i o n  f o r  e i t h e r  y e a r .
The pu b l i shed  d a l l y  d i sch a rg e s  1n the M i s s i s s i p p i ' s  
main t r i b u t a r i e s  and the  d a l l y  s tages  a t  Acme f o r  1939 
were s u b s t i t u t e d  1n the model .  Assuming the ac tu a l  r e g i ­
men o f  the  M i s s i s s i p p i  R i v e r ,  the  d a l l y  d i s ch a rge s  a t  New 
Or leans were es t im a ted  and the number o f  days o f  h igh s a l t  
c o n c e n t r a t i o n  a t  A l g i e r s  and a t  Po r t  Su lphur  was found to  
be 85 and 132, r e s p e c t i v e l y .  In 1939, 90 days o f  h igh 
s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  were observed.  The s a l t  
c o n c e n t r a t i o n  pe r iod  f o r  t h i s  ye a r  a t  Po r t  Su lphur  1s 1n- 
c o m p le te .
E v a l u a t i o n  o f  the E f f e c t s  o f  a P o s s ib l e  D i v e r s i o n  
t o  Texas on the f t l v e r  Flow 
and S a l t  C o n c e n t r a t i o n  a t  Newr ~0r1eans
The I n c r e a s in g  demand f o r  wa te r  f o r  I r r i g a t i o n  1n 
the  High P la i n s  a re a ,  n o r thw e s t  Texas,  has lowered the 
ground wa te r  l e v e l s  o f  the area to  a p o i n t  where an a d d i ­
t i o n a l  source o f  f r e s h  wa te r  w i l l  be needed 1 n o rd e r  to  
meet the  es t im a ted  demand by 1985 (TWDB, 1968, pp. 1 - 3 6 ) .
In 1968, the  Texas Water Development Board s t a t e d  
t h a t  a l l  o f  the sources o f  f r e s h  wa te r  In the S ta te  o f  
Texas would no t  be enough t o  meet the t o t a l  demands f o r  
f o r  f r e s h  wa te r  beyond 1985 (TWDB, 1968,  pp. 1 -1 ,  1-36)  
and the  Board added t h a t  the Impo r t  f rom o u t - o f - s t a t e  
sources o f  12 or  13 m i l l i o n  a c r e - f e e t  o f  wa te r  a n n u a l l y  
would be necessary .  The M i s s i s s i p p i  R i v e r  was assumed to
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be the  p roba b le  source .  On the bas is  o f  t h i s  assumpt ion,  
an e v a l u a t i o n  o f  p o s s i b l e  e f f e c t s  on the  M i s s i s s i p p i  R i ve r  
d i s c h a r g e  and s a l t  c o n c e n t r a t i o n  a t  New Or leans f rom a d i ­
v e r s i o n  o f  12 m i l l i o n  a c r e - f e e t  (6 ,048  thousand second- 
f o o t - d a y s )  per  y e a r ,  was c a r r i e d  o u t .
Because no d i v e r s i o n  p o i n t  had been ment ioned as o f  
November 1971, a d i v e r s i o n  p o i n t  between V icksburg  and 
Natchez was assumed.
I t  1s a n t i c i p a t e d  t h a t  the w i th d ra w a l  o f  t h i s  
volume o f  wa te r  f rom the M i s s i s s i p p i  R i v e r  would a f f e c t  
the  r i v e r  reg imen;  f o r  I n s t a n c e ,  I t  would a f f e c t  the t o t a l  
suspended s o l i d s ,  the t o t a l  d i s s o l v e d  s o l i d s ,  the amount 
o f  d i s c h a r g e  th rough  the Old R i v e r  C on t ro l  S t r u c t u r e ,  and 
mig h t  l e n g th e n  the  p e r i o d  o f  low f l o w  a t  New Or leans .  I t  
1 s known t h a t  d u r i n g  p e r io d s  o f  low f l o w  the s a l t  concen­
t r a t i o n  1n the M i s s i s s i p p i  R i v e r  a t  New Or leans may a t t a i n  
l e v e l s  t h a t  exceed USPHS s ta n d a rd s .  Since the  people o f  
New Or leans use t h i s  wa te r  and the w i th d ra w a l  o f  wa te r  
f rom the r i v e r  d u r i n g  low f l o w  p e r io ds  cou ld  acce n tu a te  
the s a l t  p roblem,  the proposed d i v e r s i o n  o f  wa te r  t o  Texas 
was eva lua ted  on t he  premise t h a t  the p e r io d  o f  h igh s a l t  
c o n c e n t r a t i o n  l e v e l  a t  New Or lea ns ,  under n a t u r a l  c o n d i ­
t i o n s ,  should  not  be p ro longed by the d i v e r s i o n .
In t h i s  e v a l u a t i o n  1 t  was a l s o  assumed t h a t  d u r i n g  
pe r io ds  o f  low demand In the High P la i n s  a re a ,  the o p e ra ­
t i o n  o f  the  d i v e r s i o n  would be c o n s t r a i n e d  by the maximum
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s to ra g e  c a p a c i t y  o f  the  system t h a t  would handle the d i s ­
t r i b u t i o n  o f  t h i s  w a te r ,  a maximum s to ra g e  c a p a c i t y  o f  1 0  
m i l l i o n  s e c o n d - f o o t - d a y s  (a s e c o n d - f o o t - d a y  1 s a volume 
equal  t o  a f l o w  o f  1 c f s ,  f o r  24 h r ;  1 t  equals  1.98 ac re -  
f t )  was assumed f o r  t h i s  e v a l u a t i o n .
Demand r a t e s  f o r  a t y p i c a l  ye a r  were used 1n t h i s  
e v a l u a t i o n ,  and were computed assuming t h a t  the t o t a l  
annual  proposed demand o f  6.048 m i l l i o n  s fd  would be r e ­
q u i r e d  t h ro u g h o u t  the yea r  ac co rd ing  to  the " d i s t r i b u t i o n  
o f  I r r i g a t i o n  wa te r  r eq u i re m en ts  f o r  t w e n t y - e i g h t  c o u n t i e s  
o f  the sou the rn  High P l a i n s "  (Persona l  communicat ion,  C. R. 
B a sk in ,  Texas Water Dev. B d . ) .  Under t h i s  assumpt ion the 
demand r a t e s  f o r  a t y p i c a l  yea r  used f o r  the e v a l u a t i o n  o f  
the d i v e r s i o n  were assumed t o  be as shown 1n Tab le 3 .1 .
The e v a l u a t i o n  was per formed In  t h r e e  s t ep s :
Step One. - -T h e  d a l l y  d i s c h a rge s  a t  V icksbu rg  and 
a t  New Or leans were p r e d i c t e d  based on the d a l l y  d i scha rge s  
1n the  M i s s i s s i p p i ' s  main t r i b u t a r i e s  and the d a l l y  s tages 
a t  Acme, f o r  1965 and 1967, and super impos ing  t h r e e  d i f f e r ­
en t  r a t e s  o f  d i v e r s i o n  (18 ,  20,  and 24 thousand c f s )  a t  a 
l o c a t i o n  between V icksbu rg  and Natchez.
A d a l l y  o p e r a t i o n a l  a n a l y s i s  was c a r r i e d  ou t  under 
the  f o l l o w i n g  assumpt ions (Appendices I and J are a l i s t ­
i ng and f l o w  c h a r t  o f  s u b r o u t i n e  DECIDA which per fo rm t h i s  
o p e r a t i o n a l  a n a l y s i s ) .
TABLE 3.1
TYPICAL-YEAR DEMAND RATES OF THE PROPOSED 
DIVERSION OF WATER TO TEXAS
Jan Feb Mar Apr May Jun Ju l Aug Sep Oct Nov Dec
Demand r a t e  
1 0 0 0 ' s  c fs
1 n 2 4 1 0 . 1 36.3 14.1 2 2 . 2 52.4 44.4 14.1 2 0 0
% o f  annual 
demand 1 2 5 18 7 1 1 26 2 2
»




1) A maximum o f  10 m i l l i o n  s fd  o f  s to rage  would be a v a i l ­
ab le  a t  the s t a r t  o f  the p e r io d  o f  r e c o rd .
2) The d i v e r s i o n  would no t  be s t a r t e d  u n t i l  a f t e r  f o u r  
c o n s e c u t i v e  days o f  f l o w  h i g h e r  than 250,000 c f s  had 
occ u r red  a t  New Or leans .
3) Whenever the d i v e r s i o n  was no t  o p e r a t i n g  and the  p r o ­
posed d i v e r s i o n  r a t e  was h i g h e r  than the c o r respond ­
ing demand r a t e ,  the  d i v e r s i o n  would no t  be r e s t a r t e d  
un less  the t o t a l  wa te r  1n s to ra ge  was le ss  than 95 
p e rcen t  o f  the t o t a l  s t o ra g e  c a p a c i t y  ( 1 0  m i l l i o n  s f d ) .
4) When wa te r  was being d i v e r t e d ,  3 pe rc en t  o f  the r e s e r ­
v o i r  c a p a c i t y  would be a l l o w ed  to  go t o  waste be fo re  
the  d i v e r s i o n  would be s topped ,  d u r i n g  p e r io ds  when 
the  d i v e r s i o n  r a t e  was g r e a t e r  than the demand r a t e .
5) The number o f  days o f  s a l t  c o n c e n t r a t i o n  g r e a t e r  than 
100 ppm a t  A l g i e r s  when no wate r  had been d i v e r t e d ,  
should no t  be I n c re ase d ,  as compared t o  the rec o rd  
when d i v e r s i o n  d i d  no t  oc cu r .
6 ) When a t o t a l  o f  6.048 m i l l i o n  s fd  has been d i v e r t e d  
e a r l y  1 n the y e a r ,  the d i v e r s i o n  f o r  the next  yea r  
would no t  s t a r t  u n t i l  a f t e r  the 150th day o f  the 
y ea r  (Hay 30) .
These two yea rs  used In the o p e r a t i o n  a n a l y s i s ,
1965 and 1967, a re  the  o n l y  two normal years  o f  reco rd  
a v a i l a b l e  under the  p re sen t  regime o f  the M i s s i s s i p p i .
These d i d  no t  c o n t a i n  pe r io ds  o f  s u f f i c i e n t l y  low
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d i sch a rge  t o  cause h igh s a l t  c o n c e n t r a t i o n s  a t  A l g i e r s .
The o p e r a t i o n a l  a n a l y s i s  o f  these years  showed t h a t  the 
s a l t  c o n c e n t r a t i o n  a t  A l g i e r s  was no t  a f f e c t e d  by any o f  
the r a t e s  o f  d i v e r s i o n  used. However,  the  number o f  days 
o f  h igh s a l t  c o n c e n t r a t i o n  a t  Po r t  Su lphur  was computed 
and compared w i t h  the  number o f  days under n o -d 1 v e r s 1 on 
c o n d i t i o n s .  These r e s u l t s  are shown 1n Tab le 3 .2 .
S i m i l a r  o p e r a t i o n a l  ana lyses  were a l s o  per formed 
us ing the observed d i s c h a rg e  a t  V ic k s b u rg .  The number o f  
days o f  h igh s a l t  c o n c e n t r a t i o n  computed a t  A l g i e r s  w i t h  
the t h r e e  d i f f e r e n t  r a t e s  o f  d i v e r s i o n  were equal to  zero .  
The number o f  days o f  h igh s a l t  c o n c e n t r a t i o n  a t  Por t  
Su lphur  were computed w i t h  the t h r e e  d i f f e r e n t  r a t e s  o f  
d i v e r s i o n  and compared w i t h  the  co r respo nd in g  va lues  ob­
t a i n e d  when the  whole model was used,  as shown In 
Table 3 .2 .
Step Two. — The pu b l i s h ed  d a l l y  d i s cha rge s  In  the 
M i s s i s s i p p i ' s  main t r i b u t a r i e s  f o r  1939 were s u b s t i t u t e d  
1 n the model f o r  the p r e d i c t i o n  o f  the d a l l y  d i s ch a rge s  
a t  V icksburg  and a t  New O r le a n s ,  and the t h r e e  d i f f e r e n t  
d i v e r s i o n  r a t e s - - 1 8 ,  2 2  and 24 thousand c f s - - w e r e  super ­
imposed. The d i v e r s i o n  was h a l t e d  every  t ime  the s a l t  
wa te r  I n t e r f a c e  o f  5000 ppm s t a r t e d  moving to  A l g i e r s ,  I . e . ,  
when the count  a t  A l g i e r s  went  f rom -1 to  ze ro .  The number 
o f  days o f  s a l t  c o n c e n t r a t i o n  h i g h e r  than 100 ppm a t  A l ­
g i e r s  and h i g h e r  than 50 ppm a t  P o r t  Su lphur  were computed
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TABLE 3.2
NUMBER OF DAYS OF HIGH SALT CONCENTRATION 
AT PORT SULPHUR
D i v e r s i o n  Discharge ! !? ;h0! h?
Y^ r  Rate used a t  J h l r
( lOOO's c f s )  V icks burg  S& f e r
0 Observed 6 6 46
Est imated 65 - -
18 Observed 69 -  -
Est imated 6 8
2 2 Observed 69 -  -
Est imated 69 - -
24 Observed 69 •  -
Est imated 69
0 Observed 61 39
Est imated 59 - -
18 Observed 65 —  _
Est imated 6 8 - -
2 2 Observed 65 _  —
Est imated 77
24 Observed 65 -  —
Est imated 77
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and compared w i t h  the  computed number o f  such days when 
d i v e r s i o n  was no t  o p e r a t i n g ,  and these  r e s u l t s  are  shown 
1n Tab le  3 .3 .
TABLE 3.3
NUMBER OF DAYS OF EXCESS SALT 
AT PORT SULPHUR AND AT ALGIERS
D i v e r s i o n  Rate Number o f  Days o f  Excess S a l tAt  P o r t  S u lphur At  A l g i e r s
0 132 85
18 148 87
2 2 148 87
24 148 87
Step T h r e e . - - T o  o b t a i n  a l o n g - t e r m  e v a l u a t i o n  o f  
the  e f f e c t s  o f  t he  d i v e r s i o n  o p e r a t i o n ,  the 40 yea rs  o f  
p u b l i s h e d  d a l l y  d i s c h a r g e s  a t  Red R i v e r  Landing and a t  
T a r b e r t  La nd in g ,  f rom 1928 t o  1967,  were used to  e s t i m a t e  
the d a l l y  d i s c h a r g e  a t  New Or leans  w i t h  v a r i o u s  r a t e s  o f  
d i v e r s i o n  super imposed .  T h is  1s a k ind  o f  " I n s t a n t  r e ­
p l a y "  o f  40 yea rs  o f  f l o w  o f  t h e  M i s s i s s i p p i  bu t  assuming 
t h a t  a s p e c i f i e d  d i v e r s i o n  had been o p e r a t i n g .
Th i s  r e p l a y  under  s e v e ra l  c o n d i t i o n s  o f  d i v e r s i o n  
c o n s t i t u t e d  an a t t e m p t  t o  f i n d  the  minimum r a t e  o f  d i v e r ­
s io n  t h a t  m ig h t  s a t i s f y  the  d i v e r s i o n  r e q u i r e m e n ts  w i t h o u t  
I n c r e a s i n g  the I n c i d e n c e  o f  e x c e s s iv e  s a l t  c o n c e n t r a t i o n  
a t  New O r le a ns .  As a b y - p r o d u c t  a p o l i c y  was evo lved 1n
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regard t o  the  most a p p r o p r i a t e  t ime  f o r  c u t t i n g  o f f  the 
d i v e r s i o n  1 n o r d e r  t h a t  the number o f  days o f  s a l t  concen­
t r a t i o n  h i g h e r  than 1 0 0  ppm no t  be Inc reased  by the d i v e r ­
s ion  o p e r a t i o n .
Because the  d i v e r s i o n  p o i n t  was assumed between 
V icksbu rg  and Natchez,  and the c o n t r o l  s t r u c t u r e  c a r r i e s ,  
on the average ,  about  25 p e rc e n t  o f  the t o t a l  M i s s i s s i p p i  
R i v e r  d i s c h a r g e ,  1t  was assumed t h a t  t h e r e f o r e  on ly  75 
pe rcen t  o f  the  d i v e r s i o n  r a t e  would have to  be s u b t r a c te d  
f rom the p u b l i s h ed  d a l l y  d i s c h a r g e  a t  Red R i ve r  Landing 
and T a r b e r t  Landing 1n o rd e r  to  e s t im a t e  the d a l l y  d i s ­
charge a t  New Or leans .
The date f o r  h a l t i n g  the  d i v e r s i o n  was r e l a t e d  to 
the coun t  kep t  a t  A l g i e r s ,  I . e . ,  the coun t  o f  the number 
o f  days t h a t  the s a l t  wa te r  I n t e r f a c e  o f  5000 ppm moved 
upstream f rom Por t  Su lphur  to  A l g i e r s ;  t h r e e  d i f f e r e n t  
va lues o f  t h i s  coun t  were t r i e d  w i t h  every r a t e :  0,  7
and 13. In Table 3.4 are shown f o r  the s i x  r a t e s  o f  d i ­
v e r s i o n  t r i e d  (18 ,  20,  22, 24, 30 and 36 thousand c f s )  
and every  coun t  va lue  a t  A l g i e r s  the  number o f  days o f  
e xc ess i ve  s a l t  c o n c e n t r a t i o n  a t  P o r t  Su lphur  and a t  A l ­
g i e r s ,  and the minimum r e s e r v o i r  c o n d i t i o n  1 n s f d .
From t h i s  t a b l e  note t h a t :
1) Using the d i v e r s i o n  r a t e  o f  18 thousand c f s ,  the 
r e s e r v o i r s  would go d ry  ( n e g a t i v e  r e s e r v o i r  c o n d i ­
t i o n ) .
TABLE 3.4
NUMBER OF DAYS OF EXCESSIVE SALT AT PORT SULPHUR AND AT ALGIERS DURING A "REPLAY" OF THE 
40-YEAR DISCHARGE RECORD, FOR THREE DIFFERENT VALUES OF COUNT AT ALGIERS FOR HALTING THE 
DIVERSION. (The minimum s to ra ge  con ta in ed  i n  the r e s e r v o i r s  i s  a l so  shown.)




No. o f  days 




( 1 0 0 0 ' s 
s f d )
No. o f  days 




( 1 0 0 0 's
s fd )
No. o f  days 
o f  excess s a l t
Minimum 
Reservoi r  
Condition 
( 1 0 0 0 ' s  
s f d )
a t  Por t  
Su lphur
a t
A l g i e r s
a t  Po r t  
Su lphur
a t  
A1gi ers
a t  Por t  
Su lphur
a t  
A1gi ers
18 3603 628 -3889
2 0 3528 554 1 1 1 0 3580 602 2737 3610 631 4781
2 2 3569 553 4165 3604 593 4899 3648 634 4559
24 3594 553 4523 3634 585 4859 3675 639 5142
30 3659 554 5674 3703 574 6082 3720 631 6150
36 3703 550 5890 3709 579 6258 3729 636 6235
Note:  Under n a t u r a l  c o n d i t i o n s  the number o f  days o f  excess ive  s a l t  a t  Po r t
Su lphur  was computed to  be 3243, a t  A l g i e r s  546.
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2) With the coun t  a t  A l g i e r s  equal to  zero ( d i v e r s i o n  
h a l t e d  when the  s a l t  wa te r  I n t e r f a c e  o f  5000 ppm j u s t  
s t a r t e d  moving to  A l g i e r s )  the h i g h e s t  number o f  days 
o f  e xce ss ive  s a l t  a t  A l g i e r s  was 554, ob ta ined  w i t h  
the d i v e r s i o n  r a t e s  o f  20 and 30 thousand c f s ,  o n ly
8  more than the number o f  days o f  ex cess i ve  s a l t  a t  
A l g i e r s  computed w i t h  no d i v e r s i o n  a t  a l l .
3) Wi th the coun t  a t  A l g i e r s  equal  to  13 ( d i v e r s i o n  cu t  
o f f  when the s a l t  wa te r  I n t e r f a c e  o f  5000 ppm i s  a t  
h a l f  the  d i s t a n c e  between P o r t  Su lphur  and A l g i e r s ) ,  
the number o f  days o f  ex cess i ve  s a l t  a t  A l g i e r s  w i t h  
no d i v e r s i o n  Inc reased .  The Inc re ase  d id  not  depend 
on the  s i z e  o f  the d i v e r s i o n  r a t e ,  the maximum num­
ber  o f  days was 639 w i t h  d i v e r s i o n  r a t e  o f  24 t h o u ­
sand c f s  and the minimum number o f  days was 631 w i t h  
d i v e r s i o n  r a t e s  o f  20 and 30 thousand c f s .
4) Wi th d i v e r s i o n  r a t e  o f  20 thousand c f s  and count  a t  
A l g i e r s  equal  to  ze ro ,  the minimum r e s e r v o i r  c o n d i ­
t i o n  was 1 1 1 0  s f d ,  1 1 . 1  pe rcen t  o f  the t o t a l  s t o ra ge  
c a p a c i t y  o f  the system, I . e . ,  the  minimum s to ra ge  
c o n d i t i o n  1 n t h i s  case Is  o f  the magni tude o f  the 
e r r o r  accepted 1 n t h i s  s t u d y - - l l  p e r c e n t .
CONCLUSIONS
The c o n c lu s i o n s  reached as a r e s u l t  o f  t h i s  s tudy
are :
1. The procedure  used to  e s t im a te  the d a l l y  d i s ­
charges a t  V icksbu rg  and a t  New Or leans based on the d a l l y  
d i scha rge s  1n the M i s s i s s i p p i ’ s main t r i b u t a r i e s  and the 
d a l l y  s tages a t  Acme was s a t i s f a c t o r y  under the c r i t e r i o n  
used here to  e v a lu a te  the  e s t i m a t e s .  The ad jus tment  to 
the  o r i g i n a l  eq ua t io n  de termined w i t h  the 1965 and 1966 
data are co ns idered  t o  be good f o r  any yea r  a f t e r  the
Old R i v e r  C o n t ro l  S t r u c t u r e  s t a r t e d  f u n c t i o n i n g  ( J u l y  
1963) .
2. A d d i t i o n a l  h y d r a u l i c  s t u d i e s  on the  Old R i ve r  
C o n t ro l  S t r u c t u r e  are  needed, to  be ab le  to  b e t t e r  e s t i ­
mate the  d i s c h a r g e  th rough  the s t r u c t u r e .  I t  1s con­
s i d e re d  t h a t  a l i n e a r  eq ua t io n  o f  the d i s c h a rg e  as a 
f u n c t i o n  o f  the upst ream and downstream stages and the 
d i s c h a r g e  o f  the  day be fo re  p ro v id e  reasonab le  r e s u l t s  
when used w i t h  the observed d a ta .
3. Because the s a l t  I n t r u s i o n  In the  M i s s i s s i p p i  
R i v e r  f rom the G u l f  1s an u n s t a b le  s i t u a t i o n ,  no c la im  1s 
made t h a t  the d e t e r m i n a t i o n  o f  the  exac t  number and dates
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o f  h igh s a l t  c o n c e n t r a t i o n s  a t  A l g i e r s  and a t  Po r t  Su lphur  
can be made s o l e l y  w i t h  the r e l a t i o n s h i p s  developed 1 n 
t h i s  s tu d y .  However,  the gross movements o f  s a l t  wa te r  
I n t e r f a c e  o f  5000 ppm can be p r e d i c t e d  and I t s  r e l a t i v e  
p o s i t i o n  between P o r t  Su lphur  and f rom A l g i e r s  can be com­
puted a p p r o x im a te l y  f rom the count  kept  a t  P o r t  Su lphur  
and a t  A l g i e r s .  From the counts  a t  Po r t  Su lphur  and a t  
A l g i e r s  an es t im a te  can be made o f  when to expect  h igh 
s a l t  c o n c e n t r a t i o n  a t  Po r t  Su lphur  and a t  A l g i e r s .
4. In the o p e r a t i o n a l  a n a l y s i s  per formed to  e v a l u ­
a te  the p o s s i b l e  d i v e r s i o n  o f  wa te r  to Texas,  no p r o v i s i o n  
was made f o r  e v a p o r a t i o n  and o t h e r  l o s s e s ,  nor f o r  the 
Impact  o f  the t r a v e l  t ime o f  the d i v e r t e d  wate r  f rom the 
M i s s i s s i p p i  to the demand area.
5. The d i v e r s i o n  r a t e  o f  18 thousand c f s  was found 
not  s u f f i c i e n t  to  meet the demand o f  6,048 thousand sfd 
a n n u a l l y  under  the c o n d i t i o n s  assumed 1 n t h i s  s tud y .
6 . A p o l i c y  o f  s to p p in g  the d i v e r s i o n  when the 
count  a t  A l g i e r s  1s equal  to zero ( s a l t  wa te r  f r o n t  o f  
5000 ppm has j u s t  s t a r t e d  moving f rom Po r t  Su lphur  to  New 
Or leans)  was found no t  to  i n c rea se  s i g n i f i c a n t l y  the num­
ber  o f  h i g h - s a l t  days a t  A l g i e r s  as compared w i t h  c o n d i ­
t i o n s  o f  zero d i v e r s i o n ,  no m a t t e r  what d i v e r s i o n  r a t e  was 
used .
Th is  was conc luded f rom the  r e s u l t s  1n Table 3 . 4 ,
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showing t h a t  the maximum number o f  days o f  s a l t  a t  New Or­
l e a n s ,  under t h i s  p o l i c y ,  was 554, an Inc rease  o f  8  days 
(1.46%) over  the number o f  h i g h - s a l t  days a t  New Or leans 
w i t h  no d i v e r s i o n .  The d a l l y  re co rd  d i sch a rg e  f o r  40 years  
(14 ,610 days)  was rep layed  to  d i s c o v e r  t h i s  r e l a t i o n s h i p .
7. The d i v e r s i o n  r a t e  o f  22 thousand c f s ,  under 
the p o l i c y  o f  s t op p in g  the d i v e r s i o n  when the count  a t  
A l g i e r s  was equal  to  ze ro ,  m ig h t  be cons idered  u n s a t i s f a c ­
t o r y  to  meet the demand o f  6,048 thousand sfd an n u a l l y  
under the c o n d i t i o n s  assumed 1 n t h i s  s tudy because the 
minimum r e s e r v o i r  c o n d i t i o n  o f  1 1 1 0  s fd  a t t a i n e d  In t h i s  
case 1s o n ly  11 .1 *  o f  the t o t a l  s to ra ge  c a p a c i t y .  Th is  
means t h a t  t h i s  minimum r e s e r v o i r  c o n d i t i o n  1 s o f  the 
same magni tude as the e r r o r  accepted 1 n the es t im a tes  o f  
t h i s  s tu d y .
8 . The minimum d i v e r s i o n  r a t e  p ro ba b l y  adequate to  
meet the demand under the c o n d i t i o n s  assumed 1 n t h i s  
s tudy was 24 thousand c f s .
9. For every  d i v e r s i o n  r a t e ,  the Inc rease  1n the 
number o f  s a l t - w a t e r  days a t  A l g i e r s  v a r i e s  a p p ro x im a te ly  
as the number o f  days the s a l t  water  I n t e r f a c e  o f  5000 ppm 
1s a l lowed to  t r a v e l  upst ream f rom Po r t  Su lphur  to  A l g i e r s  
be fo re  h a l t i n g  the  d i v e r s i o n .  A p p rox im a te l y  s i x  a d d i t i o n a l  
days o f  ex ce ss ive  s a l t  a t  the A l g i e r s  I n t a k e  f o r  every 
a d d i t i o n a l  day the s a l t  wa te r  I n t e r f a c e  o f  5000 ppm 1s
99
a l lowed  t o  t r a v e l  upst ream f rom Po r t  Su lphur  to A l g i e r s .
10. Even 1n the absence o f  a r i v e r  d i v e r s i o n ,  the 
model should prove o f  va lue  to  the managers o f  wa te r  sup­
p l i e s  1n the New Or leans area 1n t h a t  1t  w i l l  enable them 
to p r e d i c t  the movement o f  s a l t  u p r i v e r  based on the a n t i c i ­
pated d i s cha rge s  a t  New Or leans 9 days 1n advance.
RECOMMENDATIONS FOR FUTURE STUDIES
As more data become a v a i l a b l e  1t  1s recommended
t h a t :
1. The ad ju s tm e n t  t o  the f i r s t  p a r t  o f  the model 
(upst ream f rom V i c k s b u rg )  de te rmined  w i t h  the 1965 and 
1966 data be rev iewed.
2. More comprehenslve h y d r a u l i c  s t u d i e s  should be 
per formed on the Old R i v e r  C o n t ro l  S t r u c t u r e  to  o b t a i n  a 
b e t t e r  u n de rs tand in g  o f  the I n t e r r e l a t i o n  between the 
i n f l o w  and o u t f l o w  stages and the d i sch a rg e  th rough  1 t .
3.  The r e l a t i v e  p o s i t i o n  o f  the s a l t  wa te r  I n t e r ­
face  o f  5000 ppm should be p r e c i s e l y  lo c a te d  between Por t  
Su lphur  and A l g i e r s  by c o n d u c t i v i t y  t r a v e r s e s  and d o u b le ­
checked by the a n a l y s i s  o f  wa te r  samples f rom the  r i v e r .
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APPENDIX A 
MAIN PROGRAM FOR DISCHARGE ESTIMATES
M A IN  PROGRAM TO E S T I M A T E  O A I L V -  D IS C H A R G E S  AT V IC K S B U R G  AND AT 
NEW O R L E A N S  OASEO ON THE D IS C H A R G E S  OF THE M I S S I S S I P P I  M A IN  
T R I B U T A R I E S  AND THE STAGE AT ACME
O O O t O I  MENS I ON 0 2 1  3 T 0 I  . O E < 3 7 0 t . O M <  J 7 0 I  . O W I 3 / 0 1  . O L I 3 7 0 I  . L O V I 3 7 0 1
0 0 0 2  O I  MENS I ON A I  3 TO I • SO I 3 7 0 )
0 0 0 3  CO MMO N N . M V E A R . L t A . E O V
O O O A CO MMO N / C S V  I / 0 2 1  O E • O M « O R  t O L
0 0 0 5  CO M MO N / E S N O /  SO
c n» n u m b e r  o p  o a v s  useo
C M VEARa VCAR
C L a  I N I T I A L  O A V  O F E S T I M A T E S
C A a TO  S T O R A G E  T H E  O A T E
C
0 0 0 6  1 1 0  F O R M A I | 4 l 9 K . F 9 . 0 l I
0 0 0 7  1 1 2  F O R M A T ! » l I X . A 4 . « X . F 9 . 0  I  I
OOOS ' M V E A R a | 9 0 S
0 0 0 9  N a J 7 9
0 0 1 0  R E A O I 3 . I  l ? . E N O a J 0 I  I  A I J I . 0 2  I J I • J a  I  ,M  I
0 0 1 1  3 0  R E A O I 3 . I I O « E N O a 3 2 >  I O E I J I . J a | , N >
0 0 1 2  3 2  R E A O I  J .  I  1 0 .  E N D *  3 6 )  I O N U ) . J a | , N )
0 0 1 3  3 6  R E A O I 3 . I I O . E N O * 3 7 I  I  O K I J I . J « I . N l
O O IA  3 7  R E A O I J . l I O . E N O * J 6 >  I O L I J I . J a I , N I
0 0 1 5  3 0  R E A D I 3 . I I O . C N O a « 2 )  I  SO I  J  > • I  • N I
0 0 1 6  4 2  . C O N T I N U E
0 2 a D IS C H A R G E  A T  A L T O N
OCa D IS C H A R G E  AT HERMANN
OM> O IS C H A R G E  AT M E T R O P O L I S
OR a O IS C H A R G E  AT C LAR EN DO N
O L a  D IS C H A R G E  AT L I  T I L E  ROCK
c o v a  E S T I M A T E D  O IS C H A R G E  AT V IC K S B U R G
SOa S T A G E  AT ACME
0 0 1 7  N a 3 6 S
0 0 1 0  L a I  3
0 0 1 9  C A L L  E S T V I C
0 0 2 0  L a  1 6
0 0 2 1  C A L L  E STN OR
0 0 2 2  S TO P




0 0 0 2
0 0 0 3
0 0 0 40005 
0000
0 0 0 7




OC I  3 
0 0 1 4  0010 001* 
0 0 1 7  0010
0 0 1 90020 0021 0022
0 0 2 3
0 0 2 4  
0 0 2 9
0 0 2 6
0 0 2 7
0 0 2 8
0 0 2 9
0 0 3 0
SUBROUTINE ESTVIC 
( E s t i m a t e  d i s c h a r g e  a t  V i c k s b u rg )
V . 'B R O U T I N E  COT V I C
c
C T H I S  S U 8 W O O T IN E  COMPUTE THE O IS C H A R G E  A T  V IC K S B U R G  B A S E D  ON
c t h e  d i s c h a r g e s  o n  t h e  m i s s i s s i p i  . m a i n  t r i b u t a r i e s
c
COMMON N . M Y E A R . L . A . C O V  
COMMON / C S V  I / 0 2  t O E . O N i Q V i O L
c
O IM E N S  IO N  0 2 1 3 7 0  I • O E I  3 7 0  I • 0 M | 3 7 0  I « 0  V I  3 7 0  I « O L < 3 7 0 l t E Q V ( 3 7 0 )
O l  MENS I ON C O M  3 7 0 1  * E Q 2  I 3 7 0 1  . £ 0 3 1  3 7 0 1  * 7 0 4 1  .1701 • E Q S I  J 7 0  I 
O I M E N S I O N  A 0 2 I 3 7 0  I • A O E I 3 7 C I . A O M < 3 7 0  I • A O L I 3 7 0  I • A O « < 3 7 0  I 
O I  MENS IO N  AO 11 3 7 0 I . X 0 2 I 3 7 0  I . * 0 3 1 3 7 0  I . A 0 4 I  3 7 0  I • * 0 9  I 3 7 0  I . * 0 6  I  3 7 0  I  
D IM E N S IO N  O H I 3 7 0 1 > A ( 3 7 0 1
A V E R A C I  A . B . C > a 0 . 2 S M A » 2 . 0 a B » C I
C
c
2 0 1  o e o r m a t i i h i . 2 0 * . •  e s r i M A i t o  d i s c h a r g e s  a t  v i c k s u u r g ,  
I ATE O IS C H A R G E  • / >
• R I T E I 6 . 2 0 I I  MVCAR
DO I  K - L . N
K I | a K - l l
K I 0 - K - 1 0
K 9 » K - 9
K O a K - 8
K 7 « K - 7
K 6 a K - 6
K S - K - 5
K 4 a K - 4
K 3 * K - 3
K 2 « K - 2
C
C
C A L T O N  ♦  HERMAN
C
C
A 0 2 I K 1 0  I ■ A V C R A G I0 2 1 K 1 0 4  I  I . 0 2 1 K I  0 1 . 0 2 1 K I  0 - 1 > >
A O E I K I  I  I a  A V E R A G I O E I K I  I ♦ I  » . O E ( K I  I  I . O E « K I  I - I  I I  
C O I  I K 6 I a A 0 2 I K I  0  I  4 A O E I K  I  I  I
C
c
C  A L T O N  ♦ HERMAN 4 M E T R O P O L I S
C
c
AQM f K 7  I a A V E R A G I O N I K 7  4 I  I . O M I K 7 I . O M I K 7 - 1  I  I  
E 0 2 I K 6 | a e 0 I I K 8 l * A 0 M ( K 7 >
c 
c
C EROM H IC K M A N  TO M E M P H IS
C
c
X 0 3 I K 4 | a C O R 1 6 9  I C 0 2 I K 6 ) I  
OR I K 4 | a X 0 3 I K 4 I 4 E Q 2 I K 6 I  
CO3 I K 4 | a E 0 2 ( K 6 l 4 0 R  I K 4 )
C
c





0 0 3 1
0 0 3 2
0 0 3 3
0 0 3 *  
0 0 3 0  
0 0 3 6  
0 0  3 7  
0 0 3 0  
. 0 0 3 9
0 0 6 0
0 0 6 1
0 0 6 2
0 0 6 3
0 0 6 6
0 0 6 3
0 0 6 6
0 0 6 7
X 0 4 ( K 3 > » C O R 2 6 S ! E 0 3 1 K 4 > I  
OR I K 3 > « X 0 4 I K 3 ) * E 0 3 ( K 4 >  
E 0 4 < K 3 ) > E O 3 ( K 4 ) » O R  U 3 I
FROM H E L E N A  TO A R K A N S A S
A L T 0 N » H E R M A N N * M £ T R 0 P 0 L I  5 6 C L A R E N O O N * L  t T T L E  ROCK
A O L t K 6 I • A V E R A G I O L I K A * I  > , O L I K 4  > . O L I K 4 - I  > I 
A 0 M I K 6 | * A V E R A G ( 0 a ( K 4 ♦ 1 > . O V ( K 4 I . O a ( K 4 - l l l  
E 0 3 ( K 2 ) « E 0 4 ( K 3 ) « A 0 L ( K 4 l « A 0 « ( K 4 )  
X 0 S ( K 2 ) > C 0 R 3 6 3 I E 0 3 < K 2 I I  
O R ( K 2 ) > X 0 S I K 2 ) * E 0 3 ( K 2 )
E O 3 | K 2 | > E O 3 ( K 2 l » 0 R  | K 2 >
C
C
C '  FROM A R K A N S A S  TO V IC K S B U R G  
Cc
X O b ! K l » C O R 4 6 3  ( E 0 3 I K 2 )  I  
OR | K I > X 0 6 I K I 4 E 0 3 I K 2 >
E O V I K ) « E O S I K 2 l « Q R I K I
C
• R I T E ( b . 2 0 0 l  A I K I . E O V I K I  
2 0 0  F O R M A T ! I O x . A 6 « F I 2 . I >
C
I  C O N T IN U E  
R E T U R N  
EN D
APPENDIX C












EST.DIS.AT COMP.REP.DIS. OBTAIN ADJ. SELECT
HICKMAN ON FOR METROPOLIS DIS.AT CHESTEF ADJ.
DAY £-6 ON DAY £-7 ON DAY £-8 FOR
REACH 1
SELECT A D J . O B T A I N  A D J . D I S , b E L E C T O B T A I N  A D J .
FOR REACH 2 AT HICKMAN ON 1ADJ.F0R D I S . A T
DAY £ - 6 '  T I E A C H  3 MEMPHIS ONr DAY £ - 5
COMP.REP.DIS. 







ON DAY £-3 FOR
REACH 4
EST.DIS.AT SELECT OBTAIN ADJ.DIS. SELECT
ARKANSAS CITY ADJ.FOR AT ARKANSAS CITY ADJ.
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0 0 0 3
0 0 0 40005
0 0 0 6  
0 0 0 7
0000
0 0 0 9
0010 
0 0 1 1
0 0 1 2  
0 0 1  3 
0 0 1 4
0015
0 0 1 6  
0 0 1 7
ota
0 0 1 90020 0021
0022
0 0 2 3
0 0 2 4
0 0 2 9
0 0 2 6
0 0 2 7
SUBROUTINE ESTNOR 
( E s t i m a t e  d i s c h a r g e  a t  New Or l ea ns )
S U B R O U T IN E  ESTNORc
C T H I S  S U B R O U T IN E  COM PU TE THE O IS C H A R C E  AT NEW O R L E A N S  BASEO ON
C THE O IS C H A R G E  AT V I C K S B U R G  AND STAGE AT ACME
C
COMMON N . M V E A R . L . A . E O V  
COMMON / E S N O /  SO
O IM E N S  IO N  E O V I  3 7  0 » . E O N I 3 7 0  I • E 0 4 I  3 7 G I  . E Q G I  3 7 0  I . E O O I 3 7 0  >
O IM E N S  IO N  E S N t 3 7 0 > . E S S I 3 7 3 > . C S 4 ( 3  7 0>
D IM E N S IO N  A l  3 7 0  I . S O I  3 7 3 )
O I M E N S I O N  C H I  I  3 7 0 ) . C M 2 I 3 7 0 )c
S T A O I S I O .  A . e . C  l > A t ( l * 0 « C * 0 * 4 Z  
O I S C H 2 I S I . S 2 , A , B , C ) > A « U 4 S I » C * S 2
c
W R I T E I 6 . 2 2 2 2 )
2 2 2 2 0 E O R M A T I  I H I > I X ,  • V I C K S u U R C  NEW O R L E A N S  * / | X , * U A T E  D IS C H A N
) D A T E  YEAR O IS C H A R G E  ' / / I
Cc
C COCFS OF S T A C E - O I S C H A R G E  EON AT N A T C H E Zc
C I * I 4 , 0 9 7 2 7  
C 2 * 0 . 3 9 7 4 0 4  
C 3  — 0 . 0 0 0 0 1 6 2
Cc
C COEFS FOR M U L T I P L E  R E G R E S  E O N ,  O I S C H  AS F U N C T IO N  OF U P S TR E A M  ANOc d o w n s t r e a m  s i a g e s  a t  t h e  o l o  r i v e r  c o n t r o l  s t r u c t u r ec
C M J I | 1 9 . 3 0 1  
C M 3 2 * I 3 , 6 7 0 2  
C N J 3 - - 4 . 0 7 0 S 6c
DO  I  K * L » N  
K I * K - I  
K 2 - K - 2  
K 3 * K - 3
C FROM V I C K S B  TO N A T C H E Z
E O N ! K 2 ) - E O V I K 3 )
C AT N A T C H E Z  FROM O IS C H A R G E  TO STAGE
E S N I K 2 ) * S T A 0 I S I E 0 N I K 2 ) , C I . C 2 . C 3 )
C FROM N A T C H E Z  TO OLO R I V E R  STRUC U P S T R E A M
C H I  < K 2 l * S L O ( £ S N ( K 2 l .  I  I F 4  9 . I  
E S 5 I K 2 ) - E S N I K 2 1 - C H I I K 2 I
C FROM ACME TO O L D  R I V E R  S T R U C T  DOWNSTREAM
C Z -  ZER O FOR S TAG E A T  ACME
Z - 0 * 6 0
C H 2 I K 2 l - S L O l S O I K 2  > . 2 > 4 3 9 . 3
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0 0 2 8  e * « I K 8 ) > S O ( K t ) » Z - C H t t K t >
C A T  O L D  A I V I A  8 T A U C T
C
0 0 2 8  e O « ( K t > > O I S C H 2 ( e S S ( K 2 ) . C S * | K 2 > . C M J I . C M 3 2 . C M 3 3 )
C C H E C K  R E L A T I V E  V A L U E S  OF U P S TR E A M  AND OO V NS TRE A M  S TAG ES
C
0 0 3 0  I F  U E S S I K 2 I - E S 4 I K 2 ) I . G T . 0 . 2 0 1  GO TO 71 
C
C I T E R A T I O N  TO R E C O M P U T E  C O A I K 2 I . E S S I K 2 I . E S A ( K 2 I
C
0 0 3 1  C A L L  ORCS I E O A I K 2 I . E S S I K 2 I . E S A I K 2 I I
0 0 3 2  7 1  C O N T IN U E
C FROM N A T C H E Z  TO T A R B E R T  L A N O I N G
0 0 3 3  E 0 C ( K 2 ) > £ 0 N ( K 2 ) - E 0 4 < K 2 I
C FROM T A R B E R T  TO NEM O R L E A N S
C
0 0 3 4  E O O ( K I > E G G I K 2 )
C
0 0 3 5  V R I T E I 6 . 2 I  A I K 3 1 . E O V I K J I . A | K l . M V E A R . E O O I K >
0 0 3 0  2  FORMAT I  I X . A A » F 9 . t . A 0 . f S . F 9 . I I
0 0 3 7  I  C O N T IN U E
0 0 3 8  RETURN











































TURE ON DAY 
Jl+1
(ES I t + 1 )
FLOW CHART TO ESTIMATE THE FLOW AT HEW ORLEANS 
( S u b ro u t i n e  ESTNOR)
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APPENDIX F
EXAMPLE OF COMPUTATION OF DAILY DISCHARGE 
AT VICKSBURG 3 DAYS IN ADVANCE 
AND AT NEW ORLEANS 6 DAYS IN ADVANCE
On March 4,  1965, the  d i scha rge s  a t  Memphis, C l a r e n ­
don and L i t t l e  Rock were a v a i l a b l e  as f o l l o w s  ( i n  thousands 
o f  cub ic  f t  per  second) :
Date_________ Memphis Clarendon L i t t l e  Rock
Mar. 2, 1965 447 35 28
Mar. 3,  1965 470 34 47
Mar. 4,  1965 506 35 46
The d i s c h a r g e  a t  V i ck sburg  f o r  March 7 can be p r e ­
d i c t e d  on March 4 as f o l l o w s :
1) Compute " r e p r e s e n t a t i v e  d i s c h a r g e s "  f o r  March 3:
a) a t  Memphis -  447 *  -2 * 44- 7-0- -t - 5-0*-  .  473.3
b) a t  Clarendon = -35 -*- 2 | - 34 35 « 34.5
c)  a t  L i t t l e  Rock = 2-8- * i* 47 *  -46- = 42
2) Add the " r e p r e s e n t a t l v e  d i s c h a r g e s "  f o r  March 3 a t  
Memphis, a t  Clarendon and a t  L i t t l e  Rock * 549.8.
Wi th t h i s  va lue  s e l e c t  f rom Table 2 .8  the ad ju s tm en t  
c o r re spo nd in g  to  Reach Four ,  * .05 x 549.8 * 22 .0 .
Add 1t  t o  the o r i g i n a l  va lue  * 549.8 + 22.0 = 571.8.  
Wi th t h i s  new va lue  s e l e c t  f rom Table 2.8 the
110
I l l
ad jus tment  co r re sp ond ing  t o  Reach F i v e ,
* .04 x 571.8 -  22 .9 .
Add 1 t  to  the o r i g i n a l  v a l u e ,
= 22.9 + 571.8 = 594.7
and t h i s  w i l l  be the d i s c h a rg e  a t  V icks burg  on March 7.




(R e la te s  d i s c h a r g e  o f  r i v e r
and s a l t  c o n c e n t r a t i o n  a t  New Or leans )
0 0 0 1 S U O R O U T IN C  0 1  S A L T  ( O N . V I
0 0 0 2 COMMON N . M V E A R . L . A
0 0 0 3 c o m m o n  / o s r / k .  i p o s u .  i  a c c  i . i  rcco. i  t c a l  .  i o s p s .  i o s a lcc T H I S  S U B R O U T IN E  R E L A T E  THE D I S C H A R G E  AND S A L T  C O N C E N T R A T IO Ncjp AT NEW O R L E A N S
0 0 0 * D I M E N S I O N  A 1 3 2 0 1
c V -  D IS C H A R G E  AT V IC K S U U R G
O N -  D IS C H A R G E  AT NEM O R L E A N Sc K 3 «  DATE AT V I C K S B U R G
C K -  OATE AT N E b  OR l C ANS
C IP O S U a  COUNT A T  P O R T  SU LP H U R
C I A L G I  a COUNT AT A L G 1CMS
C IT C C D  a COUNT TO C L E A R  COUNT AT P O R T  S U L P H U R
C I T C A L  a  COUNT TU C L E A R  COUNT AT A L G I E R S
C lO S P S a  NUMBER OF O A T S  OF H I G H  S A L T  C O N C E N T R A T IO N  AT P S ULPHUR
C IO S A L  a NUMBER O F  O A V S  OF H I G H  S A L T  C O N C E N T R A T 1ON AT A L G IE R S
0 0 0 4 K 3 - K - 3
0 0 0 6 I F  I O N - 2 2 0 1  1 . 2 . 2
0 0 0 2 X I rcco-1 rcco. I
0 0 0 6 1T C A L a | T C A L ♦1
0 0 0 0 I F  I I T C C D - 4 1  3 . 3 . 4
0 0 1 0 5 IT C C O a O
0 0 1 1 I T C A L - 0
0 0 1 2 IP O S U a O
0 0 1 3 I A L G I - - I
0 0 1 * 6 c o n t i n u e
0 0 1 4 aR 1 T C I  6 . 2 1  A I K 3 I  . V . A t K 1 . M V t A R . O N .  I P O S U .  I A L G I
0 0 1 6 2 FORMAT I I X . A 4 . F 9 . l . A O . 1 5 . F 9 . 1 . 2 1 0 1
0 0 1  2 RETURN
0 0 1 0 3 I F  I I T C A L - 3 1  0 . 0 . 9
0 0 1 9 9 I A L C I a - 1
0 0 2 0 1 2 C O N T IN U E
0 0 2 1 I F  I I P O S U - I O I  6 . 1 0 . 1 0
0 0 2 2 1 0 MR 1 T C I  6 .  I l l  A I K 3 I  . V . A I K  1 . M V E A R . O N . I P O S U .  1 A L C I
0 0 2 3 1 1 F O R M A T I I X . A * . F t f . 1 . A O . I 4 . F 9 . 1 . 2 1 0 . •  S A L T  AT PORT S U LP H U R  ' I
0 0 2 * I O S P S - I O S P S * 1
0 0 2 4 RETU RN
0 0 2 6 0 C O N T IN U E
0 0 2 2 I F  ( I A L G I - 2 6 1  1 2 . I * . I *
0 0 2 0 1 * M R I T E I 6 . 1 51  A I K 3 I . V . A I K I . M V E A R . O N . I P O S U . I A L G I
0 0 2 9 I S F O R M A T I I X . A 4 . F 9 . 1 .AO.I S . F 9 . 1 . 2 1 0 . •  S A L T  A T  A L G I E R S • 1
0 0 3 0 1O S A L a I O S A L * I
0 0 3 1 l O S P S a I D S P S * 1
0 0 3 2 R E T U R N
0 0 3 3 t IT C C D a O
0 0 3 * I P O S U a I P O S U * 1
0 0 3 5 I F  1ON—1 5 0 1  1 2 . 1 0 . 1 0
0 0 3 6 1 0 1 T C A L a I T C A L * 1
0 0 3 2 GOTO 3
0 0 3 0 I T 1A L G 1 a I A L G I *  1















I TCAL = 0
IALGI=-1
I ALG I >.26
WRITE : V , Ql 
YES /IPOSU, IALGI/ 
•7' SALT AT 
ALGIERS'
. WRITE:V,Q._ 
flPOSU,IALGIL. , <  [POSUilO
'WRITE: V,QN 
riPOSU, IALGI, 






FLOW CHART TO ESTIMATE THE SALT CONCENTRATION AT ALGIERS 





0 0 0 3




0 0 0 90010 0011 0012
0 0 1 3
0 0 1 4
0 0 1 9001*
0 0 1 7
001 *






(Per fo rms o p e r a t i o n a l  a n a l y s i s  o f  d i v e r s i o n )
s u b r o u t i n e  d e c i o a  i o . v i
C T H I S  S U B R O U T IN E  R E L A T E  THE O I S C H A R C E  AT NEM O R L E A N S
C W I T H  THE MOVEMENTS OF THE S A L T  MATER FR O N T I N  THE M I S S I S S I P P I
C R I V E  *1- M I T H  THE D I V E R S I O N  TO T EXAS ' SOME U IM P O S E D  MAKE
c t h e  d c c i s i o n  m h e n  t h l  o i v l r s i o n  c a n  o p e r a t e  a c c o r d i n g
c t h e  s a l t  m a t e r  m o v e m e n t s
c
CO M MO N N » M V E A R  .  L  » A
COMMON / O E O E /  N R . J O C . O O E
CO M M O N / ■ E N D E /  o d i  v . o d i  . r e s c a p . r e s c o n , h e o p u m .  I C A . K  
O COMMON / I N D E /  C U M O E M . C U M M A C . A M O P U M . I  P U M P .  | T S P U . I P O S U .  I A L G I • I N T .
I  I N I  P . I O S P S . I O S A L . I O P . I C Y .  I T C O D . I T C A L  
D I M E N S I O N  J D C I 2 0 ) t  ODE 1 2 0 ) . A I 3 7 0 )
C V »  O IS C H A R C E  AT V IC K S B U R G
C 0 «  D IS C H A R G E  AT NCM O R L E A N S
C K >  DATE AT V IC K S O U M C
C K 3 «  O A T E  AT NEM O R L E A N S
C I C Y .  D A Y  OF THE YEAR
C R E S C A P .  R E S E R V O IR  C A P A C I T Y
C R E S C O N .  R E S E R V O IR  C O N D I T I O N
C R E O P U M .n C O U E S T E O  MATER P E R  YEAR I  A T O T A L !
C M A S A L L *  H A S T E  OF MATER A L L O mEO U EFO R E TO H A L T  THE D I V E R S I O N
C O E P A L L *  D E P L E T I O N  OF R E S E R V O IR S  A LLOW ED OEFORE H A L T  THE O I V E R S I O N
C C R I R c C .  C R I T I C A L  R E S E R V O IR  C O N D I T I O N
C , O T S P .  M I N IM U M  O IS C H A R C E  TO S TA R T O l V t M G l U N  I 2 S 3  T H O U S A N D S  C F S I
C ' OCR I *  C R I T I C A L  O IS C H A R C E  FOR PORT SU LP H U R  1 2 2 3  T H O U S A N D S  C F S I
C Q C R 2 *  C R I T I C A L  D IS C H A R G E  FOR A L G I E R S  I  I SO TH OU SAN DS C F S I
C 1 0 S A .  NUMUEM OF D A Y S  I N  H H I C H  THE S A L T  MATER FRONT M I L L  BE  A T  A L G
M A S A L L = O . O J * R E S C A P
O E P A L L .O .O S A R E S C A P
c r i r e c . r e s c a p - o e p a l l
O T S P . 2 S O . O  
O C R l » 2 2 0 . 0  
O C H 2 . I 5 0 . 0  
I D S A . 2 6 - I C A  
N O A V . 3 A S
C
K 3 > K » 3
I C V - I C Y . l
I F  I K 3 . E O . 3 6 * !  N D A V - 3 6 6
C
C CHECK VMM THER A NEM YEAR S T A R T
C
I F  I I C Y . C T . N O A Y I  I C Y - I  
I F  I I C Y - I I  7 0 . 7 0 . 7 1
C
C  NEM YEAR S T A R T
C
7 0  M V E A R w M V E A R A l  
I N V . I N V . I  
I O P - 0
c
C SAME Y E A R
C
71 C O N T IN U E
114
115
0 0 2 5  
002*  
002/  
0 0  2 8  
0 0 2 9  
0 0  3 0  
0 0 3 1
0 0 3 2
0 0 3 3
0 0 3 4
0 0 3 5
0 0 3 6
0 0 3 7
0 0 3 0C0J9
0 0 4 0
0 0 4 1
0 0 4 2
0 0 4 3
0 0 4 4
0 0 4 5
0 0 4 6  
0 0 4 /  
0 0 4 0
0 0 4 9
0 0 5 0
0 0 5 1
0 0 5 2
0 0 5 3
0 0 5 4
0 0 5 5
N O A V a 3 6 5c
C D E T E R M IN E  V A L U E  O F  OEMANO
C
DO 9 7  J ' I . N R  
I F  ( I C V - J O C I 3 ) )  9 6 . 9 6 . 9 /
9 6  O D E M a O O C I J I  
C O IO  9 0  
9 /  C O N T IN U E  
9 0  C O N T IN U E
CUNDEM aCUM OEN«O OEM
C CHECK • N E T H E R  D I V E R S I O N  I S  O P E R A T IN G
I F I I P U M P . E O . O t  GOTO 1 0
O l V C R S  IO N  I S  O P E R A T I N G
O O l a O D I V  
I O P > I O P » t  
A M O P U M a f tN O P U M tO D I  
R E S C O N a R E S C O N -O O E M . O D Ic
C CHECK • N E T H E R  R E S E R V O I R S  ARC F U L L
C
I F  I R E S C O N - R E S C A P )  I 5 0 . I S 0 . I S I  
1 5 1  • A S H A a R E S C O N - R E S C A P  
C U M » A S a C U M » A 5 » « A S B A
H E S C O N a R E S C A P
I F  ( O O I - O O E M I  I S O . I S O . 1 6 0
1 6 0  C O N T IN U E
I F  |  CUMM AS**W A S A L L  I  I S O . 1 5 0 . 1 6 1
C
C R E S E R V O IR S  A R E  F U L L .  D I V E R S I O N  CANNOT C O N I I N U E  O P E R A T IN G
C
1 6 1  O a R I T E I S . 1 2 5 1
1 2 5  F O R K A T  1 9 3 X • • S T O P  O I V E R  R E S  F U L L * !
IP U M P a O  
C U M H A S a O . 0 0  
GOTO 1 5 2
C R E S E R V O I R S  ARC NOT F U L L .  D I V E R S I O N  C A N  C O N T IN U E  O P E R A T IN G
IS O  C O N T IN U E
C CHECK V H C T H E R  THE Y E A R L Y  OEMANO H AS B E E N  MET
I F  IA M O P U M - R E O P U M I  9 . 9 . 6
C Y E A R L Y  OEMANO H A S  OC EN  C O M P L E T E D
6  C O N T IN U e
l N T P a | N T P « l
• R I  T C I  6 . I  2 3  I  I N Y . I N  TP 
1 2 3  F O R M A T ( 9 3 X » * Y E A R  R E D  F U L F I .  Y E A R  « . I 3 . «  T O T L S * . l 3 l
AM O PU M aAM O PU M -REO PUM
116
0 0 5 6  
0 0 0 7  
0000 
0 0 0 9  
0 0 6 0
0 0 6 1
0 0 6 2  '
0 0 6 3
0 0 6 4
0 0 6 0
0 0 6 6
0 0 6 7
0 0 6 0
0 0 6 9
0 0 7 0
' 0 0 7 1
0 0 7 2
0 0 7 3
0 0 7 4
C
C CHECK WHETHER O I V E R S I O N  CAN C O N T IN U E  O P E R A T I N G
C
I F  I I C V - I S O I  1 7 0 . 1 7 0 . 1 7 4  
1 7 4  C O N T IN U E
I F  I I N T P - I N V I  9 . 9 . 1 7 3
1 7 0  C O N T IN U E
I F  I I N T P - I N V I  9 . 1 7 3 . 1 7 3
C O t V E R S I O N  MUST B E  H A L T C O
1 7 3  IP U M p w O
C Y E A R L Y  OEMANO H A S  NOT B E E N  C O M P L E T E D
9  C O N T IN U E
C CHECK WHETHER s a l t  WATER F R O N T AD V A N C E  U P S T R E A M  i n  T H E  M I S S I S S I P P I
I F  I O . L T . O C R  I  I  GOTO 2
C S A L T  WATER FRONT OU NOT ADVANCE U P S T R E A M  I N  THE M I S S I S S I P P I
C CHCCK WHETHER FLOW I S  H IG H E R  THAN 2S<) THOUSANDS C F 5
I F  I O - O T S P )  9 0 . V I . 9 I
C FLOW I S  G R EATER  TH A N  2 S 0  TH OU SAN DS C F S
9 1  I T S P U * I T S P U « t  
GOTO 9 2
C FLOW  I S  L E S S  TH A N  2 S 0  THOUSANDS C F S
9 0  I T S P U « 0
9 2  C O N T IN U E  
I T C C O . I T C C O . I  
I T C A L " I T C A L 4 I
C CHE C K  WHETHER THERE H A S  B E E N  MORE T H A N  3  S U C C E S IV E  F L O W S  H IG H E R
C TH A N  I S O  THOUSANDS C F S
I F  I I T C A L - 3 1  4 6 . 4 6 . 4 7
C MORE THAN 3 S U C C E S IV E  FLOW S H IG H E R  T H A N  1SG T H O U S A N D S .  S A L T
C C O N C E N T R A T IO N  AT A L G I E R S  R E T U R N  TO N O R M A L .  COUNT AT A L G I E R S
C S T A R T  A G A I N
4 7  I A L G I  — I
4 6  C O N T IN U E
c c h c c k  w h e t h e r  t h e r c  h a s  b e e n  m o r e  t h a n  a  s u c c e s i v e  f l o w s  h i g h e r
C T h a n  2 2 0  T H 0 U S A N 0 S  C F S
I P  I I T C C D - 4 1  3 0 . 3 0 . S S  
c c h c c k  w h e t h e r  s a l t  c o n c e n t r a t i o n  a t  p  s u l p h u r  i s  h i g h
0 0 7 S 3 0 I F  I I P O S U - I O I  S . 4 2 . 4 2
117
0 0 7 6
0 0 7 7  
0 0 7 0  
0 0 7 9  
0000
00010002
0 0 0 3
0 0 0 4
0 0 6 5
0 0 0 6
0 0 0 7
0000
0 0 0 9
0 0 9 0
0 0 9 1
0 0 9 2
0 0 9 3
0 0 9 4  
0 0 9 9
0 0 9 6
0 0 9 7
c m o r e  t h a n  4 sucesive f l o w s  h i g h e r  t h a n  2 2 3  t h o u s a n o s .  s a l t
C C O N C E N T R A T IO N  AT P  S U L P M  R E T U R N  TO N O R M A L • COUNT AT P  S U LP Hc s t a r t  a g a i nc
9 9  C O N T IN U E
I P O S U - 0  
I A L G I - - 1  
IT C C O - O  
GOTO 9
C
C S A L T  WATER FR ON T A D V A N C E  U P S TR E A M  I N  THE M I S S I S S I P P I
C
2  I T C C O O
IP O S U *  I P O  S U Mc
C CHECK w h e t h e r  s a l t  c o n c e n t r a t i o n  a t  p  S U L P H U R  I S  H I G Hc
I P  I I P O S U - I O t  5 . 3 1 . 3 1
c s a l t  c o n c e n t r a t i o n  a t  p  s u l p h u r  i s  h i g h ,  c h e c k  w h e t h e r  s a l tc w a t e r  f r o n t  a o v a n c e  f r o m  p  s u l p h u r  t o  a l g i e h sc
3 1  I F  I O - O C R 2 I  3 2 . 3 3 . 3 3cc s a l t  w a t e r  f r o n t  a d v a n c e  f r o m  p  s u l p h u r  t o  A l g i e r sc
3 2  ‘ I T C A L * 0
I A L G I * I A L G I . I
C
C TO D E C I D E  WHETHER O I V E R S I O N  MUST BE H A L T E D  A C C O R D IN G  W IT Hc t h e  v a l u e  o f  i c ac
4 2  I F  I  I A L G I . G E . I C A )  G OTO 4
I S  0 W R I T E I 6 . 121  I  A I K  > .  V . A I K J ) . M V E A R .  O . O O I . A M O P U M .
I O O E M . M E S C O N . I P O S U . I A L G I
IP O R T  S U LP H U R  * 1  
I O S P S M O S P S . I  
GOTO 1 0 1
C
C O I V E R S I O N  MUST BE H A L T E D
C
4  0 W R I T E I 6 . 1 2 2 1  A I K  I .  V . A l K 3 I . M V E A R .  O . O O I . A M O P U M .
I O O E M . R E S C O N . I P O S U . I A L G I  . IO S A  
1 2 2  O F O H M A TI I X . A 4 . F 9 . I . A 0 . I 5 . F 9 . I .  7 X  . 2 F 6 . 0 . F 7 . 1 . F 9 . 0 • 2  I 0 . 3 * . • STOPS O l  
I V E R . « / I O O K . ' S A L T  AT A L G I E R S  I N * . I 3 . «  D A T S * )
I P U M P * 0  
GOTO 1 0 1
C
C S A L T  WATER FR O N T I S  NO T A O V A N C IN G  FROM P  S U L P H U R  TO A L G I E R S
C
3 3  I T C A L * I T C A L . I
C
C CHECK WHETHER THERE H A S  B E E N  MORE T H A N  3  S U C C E S IV E  FLO W S  H IG H E R
C THAN 1 9 0  THOUSANDS C F S
C
I F  ( I T C A L - 3 1  4 2 . 4 2 , 3 4
118
00 *«  
0000
0100 0101 01020103
0 1 0 4
0 1 0 S






0 1 1 3
0 1 1 4
O i ls  011* 
0 1 1 7
OIIS
c
C MORe T H A N  3  S U C C K S IV C  FLOW S H I G H E R  T H A N  I S O  T H 0 U 3 A N 0 * .  S A L T
C C O N C E N T R A T I O N  AT A L G I E R S  R E TU R N  TO N O H H A L .  COUNT A l  A L G IE R S
c s t a r t  a o a i n
c








R E S C O N . P E S C O N - O O E M . O D I  
I F  I R E S C O N - R E S C A P I  I S 2 . I S 2 . I S 3  
I S 3  R E S C O N .M E S C A P
1 5 2  C O N T IN U E
CHE C K  W HETHER S A L T  V A T E R  F R O N T AOVANCE U P S T R E A M  I N  THE M I S S I S S I P P I  
I F  I O - O C R I I  1 4 . I S . I S
S A L T  V A T E R  FRONT AOV A N C E  U P S T R E A M  I N  THE M I S S I S S I P P I
1 4  IT C C O - O
I P O S U - I P O S U * I
CHECK V H E T H E R  S A L T  C O N C E N T R A T I O N  AT P  S U L P H U R  I S  H IG H
I F  I I P O S U - 1 0 3  S . 3 S . 3 S
S A L T  C O N C E N T R A T IO N  AT P  S U LPHUR I S  H I G H .  C H E C K  WHETHER SA LT 
V A T E R  FR O N T AOVANCE FRO M  P S U LP H U R  TO A L G I E R S  
3 S  I F  I O - O C R 2 I  3 6 . 3 7 . 3 7
S A L T  W ATER FR O N T AOV A N C E  FROM P S U LP H U R  TO A L G I E R S
3 6  I T C A L - O
I A L G I - | A L G I * I
CHE C K  W HETHER S A L T  C O N C E N T R A T IO N  AT A L G I E R S  I S  H I G H  
2 4  I F  ( I A L G I - 2 6 1  1 3 . 1 * . I *
S A L T  C O N C E N T R A T IO N  A T  A L G I E R S  I S  H I G H
I *  O w R I  TEC 6 . I  2 4  I  A I K  ) .  V . A I K 3 > . M V E A R ,  O . O O I . A M O P U M .
I O O E M . R E S C O N . I P O S U . I A L G I  
1 2 4  O F O R M A T I  I X . A 4 . F 9 . I . A S . I S . F ' 9 . I .  7 K  . 2 F 6 . 0 . F 7 . I . F 9 . 0 . 2  I 6 . 3 X . • S A L T  AT 
• A L G I E R S  ' I  
I O S A L - I O S A L * I  
IO S P S —I O S P S * I  
GOTO 1 0 1
C
C  S A L T  W ATER FR O N T  I S  N OT A D V A N C IN G  FROM  P  S U L P H U R  TO A L G I E R S
C
3 7  I T C A L « I T C A L » I
c
C C H E C K  W HETHER THERE H A S  B E E N  MORE TH A N  3  S U C C E S I V E  FLO W S  H IG H E R
119
0 1 1 9
01200121
0122
0 1 2 3




0 1 2 9
0 1 3 00131
0 1 3 2
0 1 3 3
0 1 3 4
THAN 1 3 0  THOUSANDS C P S  
I F  I I T C A L - 3 1  2 4 . 2 4 . 3 0
MORE T H A N  3  S U C C E S IV E  FLOWS H IG H E R  TH A N  IS O  T H O U S A N D S .  S A L T  
C O N C E N T R A T IO N  AT A L G IE R S  R E T U R N  TO N O R M A L .  COUNT A T  A L G I E R S  
S T A R T  A G A I N
SO I A L G I • • I  
GOTO 1 3
S A L T  WATER FRONT DO NOT ADVANCE U P S TR E A M  I N  THE M I S S I S S I P P I
S I T C C D » I T C C D * I  
I T C A L * I T C A L  A 1
CHECK WHETHER THERE HAS S E E N  MORE TH AN  3 S U C C E S IV E  FLO W S  H IG H E R  
THAN I S O  THOUSANOS C F S
I F  ( I T C A L - 3 1  4 * . 4 4 . 4 5
MORE TH A N  3  S U C C E S IV E  FLOWS H IG H E R  THAN I S O  T H O U S A N D S .  S A L T  
C O N C E N T R A T IO N  AT A L G I E R S  R ET U R N  TU N O R M A L .  COUNT AT A L C I C S R  
S T A R T  A G A I N
S I A L G I I  
4  C O N T IN U E
CHECK WHETHER THERE HAS B E E N  MORE T H A N  4  S U C C E S IV E  FL O W S  H IG H E R  
TH A N  2 2 0  THOUSANOS C F S
I F  I I T C C D - 4 1  3 9 . 3 9 . 4 0
MORE THAN 4  S U C C E S IV E  FLOWS H IG H E R  T H A N  2 2 0  T H O U S A N O S .  S A L T  
C O N C E N T R A T IO N  AT P S U LP H  R ETU RN  TO N O R M A L .  COUNT A T  P  S U L P H  
S T A R T  A G A I N
4 0  I T C C D - 0  
IT C A L w O  
IP U S U w O  
I A L C I w - 1
CHECK WHETHER FLOW I S  H IG H E R  THAN 2 S 0  THOUSANOS C F S  
3 9  I F  t O - O T S P )  2 0 . 2 0 . 2 1
FLOW I S  L E S S  THAN 2 S 0  THOUSANDS C F S  
2 0  I T S P U - 0
CHECK WHETHER S A L T  C O N C E N T R A T IO N  AT P  S U LP H U R  I S  H I G H  
2 2  I F  I I P O S U - I O I  S . 2 4 . 2 4
FLOW I S  G R EATER  THAN 2 S 0  THOUSANOS C F S
0 1 3 9 21 | T S P U » | T S P U * I
120
C 7 0  D E C I D E  WHETHER D I V E R S I O N  C A N  C O N T IN U E
0 1 3 6
c
9 5 C O N T IN U E
0 1 3 7 I P  I I C V - 1 3 0 1  1 6 0 . 1 6 0 . 1 6 4
0  1 3 6 1 6 4 C O N T IN U E
0 1  3 0 I P  I I N T P - I N V I  1 6 1 . 1 6 1 . 2 2
0 1 * 0 1 6 0 C O N T IN U E
0 1 4 1 I F  I I N T P - I N V I  1 8 1 . 2 2 . 2 2
0 1 4 2 1 6 1 C O N T IN U E
0 1 4 3 I P  1O D I V - O O E M I  6 0 . 6 0 . 1 4 0
0 1 4 4 1 4 0 C O N T IN U E
0 1 4 3 I F  I R E S C O N - C R I R E C I  6 0 . 6 0 . 2 2
Cc CHECK WHETHER THERE H A S  O E E N  MORE THAN 4c T H A N  2 5 0  THOUSANOS C P S
0 1 4 6
V
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